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SECTION 1

INTRODUCTION

In recent years the development of the technology for active control
of structural vibrations of Large Space Stuctures (LSS) has been addressed
in the Active Control of Space Structures (ACOSS) program. Early in the
program a need for a common design model to allow evaluation and compar-
ison of the various approaches was identified. The first design model,
ACOSS Model 1, was developed in 1979. This structure, a simple ground at-
tached tetrahedron, provided a means of evaluating control designs but
lacked any real physical relationship with typical LSS. Because of the
desire for an evaluation model which had dimensions, materials, optical
system, and performance more closely related to actual structures, ACOSS
Model #2 was developed in May 1980. In order to meet the design goal of a
low-order structural model, many simplifying assumptions were made in the
modelling of the optical system mirrors and the supporting structure.
This was consistent with the desire to use the model to evaluate control
design methods without concern for detailed mechanical design of the com-
ponents. This model has provided a simple means of comparing and evaluat-
ing the control designs of the various ACOSS contractors. A complete de-
scription of the model along with a set of disturbances is contained in
Reference 1.

The Vibration Control of Space Structures (VCOSS) program is intend-
ed to study the application of ACOSS technology to an actual spacecraft
design. This includes specification of sensor and actuator hardware and
assessment of the performance of the system including these components.
The system model will be based on ACOSS Model #2, but with modifications
to reduce the structural mass to the minimum required to maintain struc-
tural stability. This system will rely entirely upon the control system
for vibration suppression to meet the performance requirements. This will
be compared with another model which is also a modification of ACOSS
Model #2. This second design will be a strengthened version of Model #2.
The goal of this design is to meet the performance specifications by pas-
sive means: structural stiffening and passive damping. The structure
will be stiffened by increasing the sizes of the existing members in Model
#2 until the total system mass is equal to the maximum cargo capacity of
the shuttle into polar orbit, 15000 kg. No additional structural members
will be added so that the only difference between the two designs will be
the size of the members.

The first step in modifying ACOSS Model #2 to generate the two
models required for the VCOSS program was to reassess the basic assump-
tions which were used in the design. This is necessary because in order
to establish the hardware requirements of a vibration control system the
system model must accurately reflect the mechanical properties of an
actual system. In this structure the important properties are the inter-
action of the rigid mirrors with the flexible support and the interface



between the equipment section and the optical support truss. In the
original design of ACOSS Model #2, the goal of minimizing the total number
of decrees-of-freedom in the system resulted in a simple method of includ-
ing the mirror mass effects. This approach did not include details of the
kinematic connection of the mirrors to the structure or of the motion of
the mirror centroids. The modelling of the equipment section did not pro-
vide adequate space for the isolation system which will separate the two
bodies.

Section 2 describes an updated version of ACOSS Model #2. This up-
date reflects the need for a more detailed model which more closely re-
flects the behavior of an actual spacecraft and can be used as a basis for
the hardware implementation studies required in the VCOSS program. In
this updated design the original geometry and stiffness are retained as
much as possible. Changes were made to the structural model to include
the rigid body inertia properties of each mirror and a detailed kinematic
mount connecting it to the support structure. In addition, the model of
the equipment section was changed to include a more representative mass
distribution and to provide clearance for the isolation system hardware.

Using this updated design as a baseline, the two VCOSS models were
generated. Section 3 describes the minimum mass, strength-controlled de-
sign. In this model, the size of each structural member has been reduced
to the minimum allowed by constraints on local buckling, member natural
frequency and minimum wall thickness for the tube sections. The updated
finite element moel and natural frequency tables are listed.

The stiffness-controlled design is described in Section 4. Each
structural member has been increased in order to uniformly increase the
stiffness of the structure. A limit of 15000 kg has been placed on the
total mass of the system to allow for placement into a polar orbit by the
shuttle. The updated finite element model and natural frequency tables
are given.

In order to avoid confusion between the original ACOSS Model #2 and
the three new versions of it which are described in this report, a system
of revision numbers has been established. This will provide a means of
easily identifying the existing versions as well as all those which may be
generated in the future.

Revision 0: The original ACOSS Model #2, first presented in May
1980.

Revision 1: Updated version of the original design which includes
more detailed mirror and equipment section modes. This
design is described in Section 2.



Revision 3: The strength controlled, minimum mass design based on
Revision 1. This is the VCOSS actively controlled de-
sign. Details of the model are presented in Section 3.

Revision 4: The stiffness controlled maximum mass design based on
Revision 1. This design is presented in Section 4.

Reference 1

RADC-TR-80-377, Interim Report, Jan 1981, "ACOSS Six (Active Control
of Space Structures)

3



SECTION 2

UPDATED STRUCTURAL DESIGN

2.1 Introduction

The baseline design for the two VCOSS models is the original ACOSS
Model #2 shown in Figure 2.1. This model was generated in May 1980 to
provide a simple, unclassified tool to evaluate the active control
philosophies proposed by a variety of sources. As the needs of the users
of the model have changed, the model has been changed to provide the
required fidelity. An updated ACOSS Model #2 is presented in this
section. Stiffness controlled and strength controlled versions of this
updated model will be described in following chapters. The design changes
which were incorporated into this update reflect the need to provide
better correlation between this simplified model and typical large space
structures.

The changes which were made to Model #2 are confined to two areas,
the details of the mirror support structures and the equipment section.
The metering truss, which separates the upper and lower mirrors, the solar
panels, and the isolation springs are unchanged from the original design.
The modifications to the structural design and the finite element model
are described in the following sections. The NASTRAN input data for this
model is listed in Appendix A. The finite element model for Revision 1 is
shown in Figure 2.2.

In order to facilitate these modifications and the structural modi-
fications in the VCOSS designs, the structural and non-structural mass
have been uncoupled. In Revison 0, the structural mass was added to the
non-structural mass and lumped at the mirror support points. In the new
model, the non-structural mass is lumped at the mirror centroids and
support points and the structural mess is lumped at all node points. The
structural mass will be computed automatically by NASTRAN using the length
and area of each member and the material density of 1720 kg/m 3. The
structural and non-structural mass at each node point and the system mass
properties for Revision 1 are listed in Table 2.1.

2.2 Mirror Design Modifications

odifications were made to the models of the mirrors in the system
in order to reflect, in detail, the interaction between the rigid mirr)rs
and the flexible optical support truss. In the original design, (Revision
0), in which the number of lumped masses was kept to a minimum, it was as-
sumed that the masses o each mirror and its supporting structure were
evenly distr' uted to t' s support points without regard to the detail of
the connectit.

4
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Table 2.1. Lumped mass distribution

node structural non-struct. node structural non-st=uct.
mass (kg) mass (kg) mass (kg) mass (kg)

------------------------ ----------------------------
1 7.34 36 9.99
2 21.97 1 37 12.17
3 34.03 1 38 12.17
4 20.86 39 9.99
5 21.97 40 26.85
6 33.83 42 0.0 1
7 7.34 43 3.24
8 21.13 44 0.0 3500. 1
9 25.40 67.4 45 3.24

10 21.50 67.4 46 0.0
11 25.40 67.4 47 0.0
12 21.57 67.4 48 4.05 81.91 1
13 21. 13 49 8.09 1
14 16.59 50 8.09 163.82 1
15 21 .48 51 8.09
16 22.71 52 7.28 73.82 1
17 21.48 53 7.28 73.82 1
18 22.71 54 8.09
19 16.59 1 55 8.09 163.82 1
26 17.53 56 8.09
27 23.00 69.50 57 4.05 81.91 I
28 45.94 6.74 910 23.51
29 17.25 69.50 1 1001 1000.0 1
30 51.70 6.74 1 1002 800.0

31 17.53 I 1003 1200.0 1
32 43.51 6.74 1 1004 600.0 1
33 47.09 6.74 1 1112 23.64
34 18.41 69.50 1 2330 62.76
35 14.83 69.50 1 3233 62.76

---------------------------------------------------------------
Totals 1023.34 3313.66 1

Total mass = 9337 kg

Center ol Mass Location
X= 0.0 m

y = -0.237 m

S6 .933 m

7



The new mirror models assume that each surface is a planar rigid
body which is connected to the support structure by kinematic mounts.
This type of mount can only transmit rigid body motion between the support
structure and the mirror. Elastic motion of the support points relative
to each other will not cause any deformation of the mirror surface. The
finite element model has been changed so that the translational and rota-
tional inertia properties of each mirror are lumped at a node point at its
center of mass. This node is connected to the three support points of the
surface by rigid elements which are attached at the six degrees of freedom
required for the kinematic mount. The details of a kinematic mount are
shown in Figure 2.3. In the drawing, point A is supported in the x, y,
and z directions, point B is supported in the y and z directions, and
point C is supported in the z direction.

Figure- 2.3: Typical kinematic mount

The new model of each mirror will be described in the following sections.
A summary of these models is given in Table 2.2.

2.2.1 Primary Mirror

The primary mirror is one of the two large mirrors at the top level
of the optical support truss. In the original design (Revision 0) masses
were lumped at nodes 34, 35, 28, and 30 to represent the structural and
non-structural mass associated with this surface. The motion of the mir-
ror was defined by a kinematic mount with point A at 34, point B at node
35, and point C located midway between nodes 28 and 30. The displacement
at point C was interpolated from the two nodal values. This kinematic
mount was not included in the finite element model but was used only in
the line-of-sight error model.

In the new design, two new node points are added to the finite ele-
ment model. One, node 1001, is located at the center of mass. The sec-
ond, node 2830, lies midway between nodes 28 and 30 to provide the third

8
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support point for the kinematic mount. The beam element connecting nodes
28 and 30 and containing node 2830 has been strengthened to support the
mass of the mirror. The stiffened beam is a tubular truss as shown in
Figure 2.4. It is designed to prevent significant line-of-sight errors
due to bending at frequencies below 40 Hz. The center of mass is
connected to the support points by rigid elements which are constrained in
the six degrees of freedom required for the kinematic mount. The new
model of the primary mirror is shown in Figure 2.5.

2.2.2 Secondary Mirror

The motion of the secondary mirror was defined in Revision 0 by the
six degrees of freedom (three translations and three rotations) at node
40. The mass was lumped at the edge nodes of the lower support truss so
that the motion of the mirror plane was equal to the motion of node 40.
In the new model, the mass of the secondary will be lumped at its center
of mass, node 1002, which will be attached to the supporting structure by
a kinematic mount as shown in Figure 2.6. The structural design was
altered to include the additional support points for the secondary. The
finite element model was changed by adding the two support point nodes,
node 910 and node 1112, moving node 40, and including the members required
to brace the supports. Point A of the mount will be node 910, point B
will be node 1112, and point C will be node 40. Rigid bars provide the
connection between the mount degrees of freedom and the center of mass.

2.2.3 Tertiary Mirror

The changes in the model of the tertiary mirror are similar to those
made in the model of the primary. The center of mass is located at node
1003. It is kinematically mounted on the support truss by connections to
node 27 (point A), node 29 (point B), and node 3233 (point C). Node 3233
is located midway between nodes 32 and 33 on the stiffened beam connecting
them. The new configuration of the tertiary mirror model is shown in
Figure 2.5.

2.2.4 Focal Plane

The only change made to the model of the focal plane consists of the
addition of the kinematic mount. The mass properties of the focal plane
are lumped at its center of mass, node 1004. Rigid bars connect it to the
three support points, node 11 (point A), node 9 (point B), and node 40
(point C). The new configuration is shown in Figure 2.6.

9I



Table 2.2. Modified Mirror Models

Mass = 1000 kg Center of Mass: node 1001
2

1 4083.33 kg-m Support Points:
XX

2 Mode 34 dof 1,2,3
I 5333.33 kg-m
yy Mode 35 dof 2,3

2

1 9416.67 kg-m Mode 2830 dof 3
zz

gecondaxy%

Mass 800 kg Center of Mass: node 1002
2

I 1666.67 kg-m Support Points:
XX

2 Mode 910 dof 1,2,3
• 4266,67 kg-rn

yy Mode 1112 dof 2,3
2

I •5933.33 kg-m Node 40 dot 3
22

Mass = 1200 kg Center of Mass: node 1003
2

' 1 4900.00 kg-m Support Points:
xx

2 Mode 27 dof 1.2,3
T = 6400.00 kg-m
yy Mode 29 dof 2,3

2

I = 11300.0 kg-m Mode 3233 dof 3

Fo.cal P! ane :
Mass = 600 kg Center of Mass: node 1004

2
1 a 200.00 kg-m Support Points:

XX
2 Mode 11 dot 1,2,3

T - 800.00 kg-m
yy Hode 9 dot 2,

2
I 1000.00 kg-n ode 40 dot 3

10



Tube Properties:

Radius a 0.11 mn

t -0.0022 mn

Area - 0.00602 m 2

imm

Figure2.4.tiffeSdemiro suprtesm

Ara-4A3ue'0.00

I G EUR O0.00NEMATIC

Figure 2.5. Moifedpimarynd teymirror modertbe s
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Figure 2.6. Modified secondary and focal plane mirror models

2.3 EQUIPMENT SECTION MODIFICATIONS

Changes were also made to the model of the equipment section. In
the original design the equipment section was modelled as a rigid plate
and located at the same point on the z-axis as the lower chord of the
optical support truss. The two sections were connected by springs as part
of the isolation system. While this configuration is mathematically
correct, in an actual system the springs will have a finite length. The
equipment section will now be modelled as a uniform rigid body, triangular
in shape and two meters in depth. The equipment section and the optical
support truss will be separated by thirty centimeters to allow room for
the isolation system. The new mass properties and location of the
equipment section are given in Figure 2.7.

2.4 LINE-OF-SIGHT-ERROR MODEL CHANGES

Due to changes in the models of the mirrors and their support
points, a few minor changes are necessary in the implementation of the
line-of-sight error model for Revision 1 and all later versions. This

12
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error model relates the rotation about the x and y axes and the defocus
of the line-of-sight to the displacements of the mirror support point
nodes in the finite element model. Full details about the theory and
implementation of the error model are given in CSDL Report C-5437. The
changes in the updated version are due to the addition of the nodes 2830
and 3233 in the kinematic mount models for the primary and tertiary Mir-
rors and the addition of the kinematic mount for the support of the
secondary. The updated equations relating LOS errors to node point
displacements are:

LOSX - - (.0186)Y34 - (.1429)Z34 - (.0186)Y 3 - (.1429)Z35

+ (.2857)Z 2830 (.0807)Y27 - (.3549)Z27 + (.0807)Y 29

- (.3549)Z29 + (.7098)Z3233- (3,4842)X 1002- (.0621)Y 1 1

- (.0621)Y 9

LOSY - - (.0371)X 3 4 - (.0464)Y 34 - (.2500)Z 34  + (.0464)Y 34

+ (.2500)z35 + (.1613)X 27  - (.0605)Y 2 7 - (.6211)Z 27

+ (.0605)Y29 + (.6211)Z29 + (3.4842)0Y003 (.1242)X11

- (.0776)Y11 + (.0776)Y9

DEFOCUS- - (.0191)Z34 - (.0191)Z35 + (.1274)2830

+ (.7780)Z27 + (.7780)Z29 - (.4668)Z 3 2 33 - (2.000)Z 4 0

- (.1785)Z002+ (.5000)z9 + (.5000)Z 11

14



Since this model is a linear function of the nodal displacements it
is included as a set of constraint equations in the NASTRAN finite element
model. The three line-of-sight components are assigned to an added node
which is not part of the structural model. In all revisions of ACOSS
Model #2 the line-of-sight errors are included at node 100 so that:

node 100 dof I - losx

node 100 dof 2 - losy

node 100 dof 3 - defocus

2.5 ANALYSIS

A normal modes analysis of the finite element model containing all
of the changes, Revision 1, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 2.3. Also
listed in the table are the components of the line-of-sight errors for
each mode, node 100. These are based on modes which have been normalized
to a unit generalized mass.

15



Table 2.3. ACOSS Model #2: Revision 1

MOOE P0101HZ I LOOM LOSS OEPOCUS Moot "tot HZ) 1dMX LOSY Dfrocus

1 0.0 -. 887ef-14 -. 11531-09 -. 68151-16 9 72P5 - .813E-02 0.1153E-0. - 11iE-'11

2 0.0 - .10021-08 -. 6711 - .. 1c-1 $ 383 0.387-07 0.3S7211-07 0.9660E-07

3 0.0 -.15951-07 -.42301-06 -.171Z1-06 at 7.9 0.398719-07 0.6297t-03 0.54:9070
4 0.0 0.114,SE-03 -.7006E-08 o.1oooc-08 62 77.793 0.1029-0 0.277E-02 -.5006E-02

5 0.0 0.14458-06 -.09771-03 0.42158-11 814 79.19 0.226SE-02 0.'271-02 - .8344E-02

6 0.0 0.1259E-07 -.6.64E-04 0.2997E-12 as 84.253 0.49'.01-02 0.15701E-02 0.'.790-o2
7 0.148 0.2944E-07 -.31SE-03 0.4941E-06 66 o.609 -.6V*7E-03 O.zOzOC-Og *.1419f-Ot
* 0.202 0.1019f-05 0.1001-03 0.2,03I- 87 97.949 0.22151-02 -.14551-02 0.78851-02
* 0.319 -.29942-04 -.26514-06 0.359?E-00 s 912 03'O-2 .06-3 018E0

10 0.335 -.23101-03 0.445SE-09 -.19971-00 89 1499.7 -.360-Ot 0.212461-02 -.77771-03
11 0.468 -.350,1-05 -. 7817E-06 0.1190E-04 9 104.e87 0. 79M-202 0.Z22-02 - .77771-03
it 0.983 0.83211-01 0.6739E-06 0.219611-04 40 10607 0.791E-02 0.16261-02 0.1341E-01
13 0.601 0.26351-oS -.72601-03 0.4218-05 9z. 107.130 0.15311-02 O. 13031-02 - .147361-0
14 0.673 *.45SOC-04 0.8519E-06 -.93851-05 92 11.245 0.89601-03 0.3148-03 0..98-02
1s 0.960 0.32271-OS 0.1137M-03 0.18751-OS 93 114.871 0.-.1-3 01(814 .3A4391-02
16 1.091. - .62451-06 0.214,E-03 0.73251-06 94 114.871 0.81700-12 -16E-03 0..1-14
17 1.839 -.12151-04 -. 11461-06 -.25341-OS 96 116.641t 0.106CE-02 - .433E-07 -.16004f- 0
18 1.844 0.13611-os -.122801-06 0.2419e-05 96 119.099 0.6001-04. 0.'37-03 0.60'.SE-04
19 1.889 0.11811-13 0.56451-IS 0.3941E-17 97 122.031 -.6161SJ-02 0.1470-03 0.9101-04
t0 1.900 -.1223E-04 -.03381-06 0.20711-00 96 123.862 0.17541-Ct 0.844E013 0.5030E-02
21 2.060 0.570,^1-00 0.32101-03 0.3S801-05 10 123.143 0.1751-02 -.44[1-03, -.0093E-02
22 2.452 -. 3070E-04 -. 11721-02 - .25781-04 100 129.13 - . 7541-02 0.164E-02 - .42931-02
23 2.472 6.38311-04 6.30971-02 0.3108E-04 101 129. 39 -. 135091-02 0.2072t-02 -. 7941(-02
24 3.242 6.34S08-05 -.1982f-01 -.14601-03 102 136.391 -.136-03 0.20721-02 0.21381-03
25 5.142 -.129-13 -.47951-15 -.58701-10 104 136.546 0.2937t-02 0.19021-04 0.32E-03
26 5.170 0.2129f-O5 0.23601-07 -.6654E-07 105 140.436 -.19372-02 -.2990^E-02 0.33271-02
27 7.877 -.54231-13 0.36151-15 -. 01-7 106 144.1.46 -. 3331-03 0.1394E-02 0.57111-04
28 7.918 -.6468-05 -4'19f-07 -.21211-00 16 1486 041103-S34-2 05410

29 0.772 -. 3142E-02 - .81661-05 -. 26291-02 107 144.063 -. 7033E-03 - .49541-02 -30e71-02

30 8.776 0.20611-01 0.5367E-04 0.17251-01 108 147.833 0.3421E-03 0.17071-02 -.24201-02

31 0.838 -.1379E-03 -.26371-06 -.11991-03 109 104.900 0.12841-02 0.44611-03 -.67751-02

32 6.980 -.12541E-00 0.45211-00 -.10741-00 110 156. 024 -.2166E-03 0.160S2-02 0.1514E-0

33 9.620 0.1002E-06 0.38761-04 0.7,44E-06 111 158.634 -.I1031-02 -.10001-02 -. 2531t-02

34 10.345 0.28,^61-04 -. 6607E-02 0.7076-03 112 109.792 -.3071-02 0.O0192-03 -.0461o-0t

30 11.673 -.1582E-02 0.7234E-03 0.24241-01 113 163.294 -.4171-03 0.1130E-03 -.17031-02

36 12.266 -.1564E-03 8.69382-03 0.13621-02 114 163.678 0.18311-01 1110 0.9..Zzl-04

37 13.387 - .1267E-01 0.2097E-02 -.688-01 1U5 149.5t6 -. 5951E-5 .71-03 0.1307E-03
38 13.616 0.3277E-02 0.1034E-01 0.12208-01 116 173.140 -.5417E-03 0.10101-02 6,197,9f-02

39 14.771 0.20011-01 0.17108-03 0.10231-01 117 177.783 -. 29411-06 -. 3091E-03 0,1400E-02
40 16.412 0.14418-02l -.1737E-01 -.5131E-03 118 176. 986 -.6780E-03 0.3023t-03 0.1-U*1-0,

41 210.832 0.676'IE-03 0.4AOO0102 -.28k201-02 119 103.450 0.60511-03 -.1740E-03 0.104(1-02

42 21. 792 -. 20188-01 0.23401-02 -20741-01 120 163.706 -. 8141-04 0.28411-03 0.13701-02

143 21.845 0.12691-00 -.9632E-07 0.50911-06 121 185.57% 11.9748f-03 -. 9084E-03 -.40311-02

44 21.849 0.24701-04 -.20631-05 0.3027E-04 121! 167.134 0.2476E-02 0.32471-03 0.12249-01

40 21.849 -. 2201-05 -. 19951-05 -.22601-0 123 197.901 -.8149E-03 0.6a901-03. 0.20831-0

44 21.880 0.23179-05 0.41640E-05 0.25961-05 124 205.905 0.11031-02 -. 63741-03 0.11761-01
67 23.755 -.12751-02 -.39471-01 -.118-01 125 207.733 0.29601-01 0.14901-02 0.33751-02

48 24.472 0.34671r-02 0.4696E-02 -. 6944E-01 126 M1.931 0.62141-02 - .60008t-02 -. 6066E-02
49 2. -. 10021-01 -. 1291E-01 0.71^341-01 127 211.240 0.26751-0: 0.06118-03 0.1460C-0'

so 2067 0.3684E-02 -.4148E-01 -2411-01 120 219.442 -.72.441-03 0.S001t-03 - 10401-32

s1 26.489 0.4404F-12 0.4621E-11 0.910IS-11 129 220O.742 - .25091-02 - 675E-02 - 103.9-02

52 27.378 0.08978-02 0.49415"-02 -. 3-M7-02 130 Z27.008 O.I0021-O92 0.13513E-03 31710

03 29.340 0.41661-00 -.15701-04 -.4634f1-4S 131 t 31.0"6 0.733-05O -.11SI1-03 - 171-3-2
04 ~ ~ ~ ~ ~ ~ ~ ~ ~ O 2960 02710 .63-2 -1410 32 234.69 0.39A01-02 0.1831E-02 -8110
54 2960 ~ tt-2 -. 63Eot .. 7se' 133 241.0764 0.98711-03 0.6S348-03 0.77711-03

50 31. 999 -. 69391-01 -. 23921-02 -2076f-01 134 244.629 -. 44451-04 -. 247:1-02 -11961-02
54 32.633 0.1412-61 -. 12619-01 0.32761-01 13S t49.454 0.72961-04 0.20348-03 -.94631-02
17 33.324 -7264-06 0.53221-06 6.73961-04 136 208.502 - .46181-02 -. 43*91-04 - .700O71-02
so 33.329 -. 47671-05 6.12251-05 -. 35191-05 137 266.619 -. 66E-06 0.Z4698-02 -269913-04
59 33.331 -. 61511-06 0.29911-05 0.23551-05 138 275.833 0.16921-03 0.2"'31-02 -4779t-03
60 33.356 0.76461-07 - .20581-00 -. 3950E-06 139 276.953 -.1535E-02 -.19033E-03 04915
61 33.755 0.99%E-02 -. 93-1 -.29451-01 140e 267.167 8.21771-02 0.7193E-03 -.19091-02
62 34.601 6.10111-01 6.68261-02 -.43719-01 141 209.S42 -.1464E-03 0.11301-02 -.70001-03
63 386.746 -. 23831-02 -. 60001-02 -. 64444E-02 142 292.944 0.64171-00 -. 60061-04 0.81932-04.
64 41.133 0.108-01 -. 33-2 0.50'21-0l 143 210.736 -.76901-03 0.43041-01 0.12811-02
45 41.1724 - 759-or -. 44301-02 - 4063E-02 144 300.429 -. 49yef-03 - .84531-04 05419
46 43.605 0.22791-01 0.11761-02 0.19601-01 141 304.11t -.74'691-04 - .20952-04k 0. 33'P-04
67 46.039 -.6401-03 0.1740E-02 -.33618-913 144 30.364 0. 9 Mot-09 0. 2 300,t-0 3 0.54138-04
68 46.774 6.36188-02 0.113!E-01 0.29371-03 147 307.07*3 -.23541-13 0. 633IV--15 0.77711-11
Go 52.169 -.23451-02 0.203R8-02 0.21.021-01 10 3704 04711 .04-1 -. 721
70 53.476 -40731t-02 -.11871-01 -.3937E-02 149 101.407 -. 3311 .S:'321-1 0.13'ljr-13
71 54.037 -.24818-Q02 -.. 410!2-02 0. 903I~c9 3 150 391.406 -4 475f1-12 - ~7I-1 0. - 51I2
72 07.443 -.103A1-03 -.23.SE-02 0.10591-03 101 67.945 0.30761.04 0 .'-0 0.o 3-2
73 60.4.1? 0.5'.491-02 -.84,191-02 0.13481-01 152 47.994 -.1676[-36 0.10'.1-O34 - 31.1f-..
74 61.499 0.23401-02 0. 370421-02 0.27511-02 153 ('99 59 0177-5 - 4911t35 0 3*Z2't9
75 63.104 0.3177E-02 -2361-02 0.102S1-02 Is. 404.333 - 5.17 .1952f-o5 -
?6 4S.105 -17158.03 -31, 5'-02 0.7441-972 ?5 3114 10.7 - l'097 3 33'7204 -

'a T.1.554 - .047-03 0..1641(-02 - 310
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SECTION 3

STRENGTH CONTROLLED DESIGN

3.1 Introduction

The strength controlled design (Revision 3) was created by resizing
the structural members in the updated ACOSS Model #2 (Revision 1) to meet
the minimum requirements for local stability and frequency. The
non-structural mass due to the mirrors and solar panels, which represents
90% of the total system mass in revision 1, is unchanged in this design.
Because of this, even though the structural mass was reduced by 50% the
total mass was reduced by only 373 kg to 8963 kg. This results in a very
flexible structure with very low natural frequencies.

The design constraints were established to prevent local failure of
individual elements in the structure due to buckling or excessive dynamic
interaction due to low member natural frequency. The local buckling load,

Pcr, is directly related to the slenderness (1/r) of each beam by the
formula:

P ff 2 EA
(K .- )cr Y 1)2

r

since the element forces are expected to be small, a slenderness limit of
1/r - 400 was used, and K equals .7 to account for end fixity. Using this
equation, the minimum buckling load in the structure is 1060N. The
natural frequency of each member was constrained to be greater than 10 Hz
to prevent significant interaction between system vibratons and local
vibrations. Finally, the wall thickness of the tubes was constrained to
be a minimum of .03 cm. The NASTRAN input deck is listed in Appendix B.
The tubular truss elements used to support the primary and tertiary
mirrors were not changed. Reducing the size of these elements would have
resulted in an unsound structure design due to the very low frequency
local vibrations of these mirrors. These local effects would not be
present in actual systems and would yield misleading results for this test
model. The mass properties of this design are listed in Table 3.1.
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3.2 Analysis

A normal modes analysis of the finite element model containing all
of the changes, Revision 3, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 3.2 along
with the LOS errors for each mode. These LOS errors are based on a unit
amplitude for each mode assuming they have been normalized to a unit
generalized mass.

13!
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Table 3.1. Lumped mass distribution

node structural non-stuct. node structural non-struct.
mass (kg) mass (kg) mass (kg) mass (kg) I

I----------------------------- ---------------------------------- I
1 .80 36 2.68
I 5.37 37 4.41 1
3 10.72 38 4.41
4 7.35 39 2.68
5 5.37 40 9.48 1
6 10.67 1 42 0.0 1l
7 .80 43 2.10 1
8 7.59 44 0.0 3500. I F
9 14.12 67.4 45 2.10 

10 8.70 67.4 46 0.0
11 14.12 67.4 47 0.0 I
12 8.72 67.4 48 2.62 81.91 I

13 7.59 49 5.25 1
14 12.12 50 5.25 163.82 1
15 17.25 51 5.25 1
16 25.78 1 52 4.73 73.82 I
17 17.25 1 53 4.73 73.82 1
18 25.78 54 5 .25
19 12.12 55 5.25 163.82 I
26 10.78 56 5. 25

1 27 15.50 69.50 57 2.62 81.91 1
28 38.49 6.74 910 3.57
i9 10.80 69.50 1001 1000.0 1
30 43. 19 6.74 1002 800.0 1
31 10.78 1003 1200.0 I

32 39.20 6.74 1004 600.0 1
33 42.17 6.74 1112 3.60
34 11.51 69.50 2830 62.76 1
35 8.54 69.50 3233 62.76 1

I---------------------------------------------------------------
Totals 649.97 8313.66

L -------------------------------------------------------------------------------------

Total mass = 8963 kg

Center oi Mass Location
X = 0.0 n

y -0.240 m

- = 6.991 .

19
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Table 3.2. ACOSS Model *2: Revision 3

NODE 0900j(H2I LOIX LOSY OEFOCUS Neat 03001 MZI LOSX LOS) O0'C.1

1 0.0 0.1637E-14 -.11771-09 - .102 9E- 14. 7.3 6 487 60100 -100

2 0.0 -.10230-08 0.28080-16 -. 79660-15 a0 S0.*71 611,E103 0 .0.9 YE-02 -5O 0-12

3 0.0 - .2154,E-13 -. 2378E-14 -. 17310-08 61 54..6%8 0.1'2f-ot -. 179t02 a.t'Eo

'. 0.0 0.0306E.03 -. 7743E-14 0.3o'.50-o8 82 85 558 - 1Se*3 2'0 . -U2.
S 0.0 0.1306E-016 -.9047(-03 O.I'S00-12 81 5968 .109qf-6 -36-7 -~10

6 0.0 0.10070-07 -.6662E-04 0.1103E-13 84 60.120 -.641ZE007 -.5003-07 - 1125f064

7 0.114 -.1513E-06 O.:Zo00-03 -.34120-os 8s 61.33q .1377f-oz -.23630-oz -214'E-04

* 0.147 -.49',4E-05 -. 23330-06 0.3185E-05 86 63.528 - .1462E-02 - .97100-03 - 10620-01

* 0.150 -. 16:6e-03 -. 93.-0q -82,32E-06 87 64.270 0.,2112E0 0.61qbE-03 0.3!2,E-02
30 01S -. 13760-05 -1041-03 0.17010 -0 8 67.163 -.56220-02 0.6091E-03 -152bf-01

1 .455 *.1047E-04. -. 6797f-05 0.8SOoE-04 89 e8.416 0.23q10-03 - 711-03 0.887C0.03

12 0.55? 0. V. 30IE05 0. 76's39 -03 0.1433E-06 90 70.87' 0.558-E00Z -. 32060-03 0.1010L-01

13 0.596 -. 883e0-03 0.006,0.?-08 -. 80651-06 91 72.243 -:0448-02 0.0027t-03 --- f0
16 0.615 -. 621S0-05 -. S541E-03 0.34270-05 42 76..93IS 0.83q20-03 -. 21W6002 0.1009f002

15 0.6)6 -. 2323E-03 0.27S10-05 -. 6674E-04 93 76.704 -. 137BE-01 0.62360.05 0.24060-02

16 0.6-.2 0.835SE-05 -814E-04 -. 1256E-04 94 79.755 -. 2222E-03 O.'a1lf-a3 0.300.0-03

17 0.11 -. 35010-06 -. 13040-05 0.76120-OS 98 86.S36 0. 80.80aE-02 0.829a0-0. -. 11tat-13

18 1.810S -.1054F-03 0.614E-06 -.2771E-04. 6 94.263 0.21750-1?, 0.16310-17 -1901

19 0.823 -.z942E-13 -.040LE-16 .420 97 45.3-'6 -.46470.02 0.22520-02 5%67%e-02

20 O.qI& -.33OOE0- -.33630-OS 0.3586E-3' 98 95.409 0.546GE-os l'.750-05 - 6"cI

21 0.1#72 -.1047E-04 -.4472E-03 0.1)950-06 99 96. 0133 0.3020-oz 0.61320-ol -.l5110-0?

.2 1.159 -.2313E-06 -.28380-02 -.45020-06 108 99.32S 0.6422E-02 -35SM-03 -. 59404-02

23 1.551 0.22010E-06 0.2013E-01 0.25200-03 101 102.489 -.33110-03 -.23,4102 0.10060-02

26 1.773 0.470',E-04 0.85360-03 -.11820-01 lot 102.705 -.10701-02 0.1379t-02 5.263SE-02

25 2.230 -.1012E-12 -.3082E-15 -.3790E-16 103 108.SS 0.9367t-os 0.Z2170E-02 08<13-50-0

Z6 Z-256 0.336of-05 0.614,!E-07 -312,E00S 104 109.64S 0.6406-02 0.Z243Z0-06 - 16"51-42

27 3.634 -.4686f-12 0. 33770E-14 0.2800-17 103 111. 194 -,1067E-06 0.38810-03 -.26O00-02

t8 3.6S2 -.9540-05 -.2212E-06 0.53711-oS 106 112.074 0.23710-03 -.1710-02 - .62'0-43

29 3.757 -.73s60-05 -.1306E-06 -.166"0-06 107 116.97' 0.960-03 0.15200-03 -.1346E0-03

00 3.987 0.20731-05 0.43050-06 -.2214E-04 108 117.639 0..8180-03 0.1083E-02 007'.20-01

31 6.5 O.81050-06 -.376qr-06 0.26380-06 10 l2~ .S9-3 0.6-3 -. S211E-t2

32 4.334 0.18440-.06 -.13690-03 -.29360-06 110 119.415 -. 60-0 8",'E-03 522800-02

33 6.563 -.219Z0-01 -.56426-04 -.4660-01 III 02.798 0.52760-02 -.85.4-03 0 23950-02

34 8.065 0.11890-02 8.13000-01 -.65180-02 112 131.127 -. 7302 .18-0 -25-2

35 8.653 0.17930-02 0.1631E-02 0.59I81-01 113 132.00!-1600 .3900 .900

36 8.854 -.:209E-03 -. 90221-03 0.28-1 114 135.631 0.30-2 -. .8-3 -.. 09-02

37 0.010 -.16210-01 0.2431E-02 0.163SE-01 115 139.111 O.10180-02 -.32920-02 0.187st-03

38 10.340 0.1817E-02 0.17414-01 -.5566C-112 116 160.146 -.106#E-02 -2609E-02 0.35210-02

39 10.51"3 0.16150-02 0.8603E-02 0.2'0430-03 337 14.0-954 0.668SE-01 0.65290-03 0.16150-01

60 X1.Smi 0.16803S-01 -.66130-01 0.1334E-01 lie 162.3s20z4003 -1200 - 5MS04-32

61 11.451 0.0554E00 -.4623E-05 0.216420 114 143.406 -.634S0-oc. 0 18080-02 - .2000-0

62 I1.6S2 -.62660-05 -.40980-05 -. 5,1-05 1210 166.837 0.157(4-02 -.960E-03 0.2-0

43 11.452 0.2878E-04 -. 3230-04 8.23690-04. 121. 154.044 0.21350-03 -5661E-03 - .25780.02

46. 11. 6's1 -.3-101E-04 0.57467F-04 -. 3L441-04. 122 157.527 -.5346E-03 -.0763E093 0.764U2-01

65 11641 0.ZTO50-01 0.3078f-01 0.24690-01 123 160.629 -.24810-03 -.85850-03 0,17100-02

66 13.497 -.2979E-01 0.70180-02 -.18971-01 124 16,51 0.2037f-02 - .2806f-02 -M.210-o2

67 16.194 -. 3Q22E-01 0.1879E-02 -.55390-00 125 165. 339 0.1553E-02 -.7530-03 -.38620-02

48 15.030 0.45880-02 0.2534E-01 0.35-2 16 169.179 Q.1567E-02 -.2314E-02 -. 9460-02

49q 16.761 0.215SE-0i 0.8370[-03 -.51701-01 127 16q916 0.17330-32 -.14040-0 -.~'03
so 37. 322 -.1730-02 0.7030-0 269-02 128 173.955 0.306&E-03 0.5020E-73 -.2%3600-02

5t 17.413 0.13^22E-01 -.16260E-03 0.053'.0-02 129 183.6-1 .53..8c-03 0.63620-03 - 800

32 17.747 -.77,00-06 -.30200-06 0.12370E-OS 130 10.021 0.67:50E-03 0.1534-02 0A.13.-01

33 17.768 -.60680-06 0.67740E-OS -.87a50 07t 131 388.66.0 03357-03 - 60860-04 0 3300

S4 17.,69 -.13'.70-OS -.63900-06 -.413'.E-09 132 143.180 -.1607E-02 0.22z620-01 0.1335-02o

S5 17.777 -.S8990-06 -.46280-05 -. 2MSC-06 133 107.4.32 0. 781g0-03 -. b2220-03 - .17.7E-02

56 21.317 0.60110-01 0.3062E-03 -.36280-01 136 200-28S 0.17080-02 0.7S560-05

S7 21.601 0.28150-15 -. 89122-15 -. 36800-13 135 0.6 0.13z27002 0.1139E-02 -. 20210-02

so 22.165 -.76403C-04 -.24090-01 0.415'0-ot 236 210.842 -.231.0-03 - .77800-03 - 110-03

So 23.891 0.17580-01 -.384680-02 -.63710-01 137 Z11.133 0.721080-06 -165tst0S -.3357f-03

6 23.944 .73469t-04 0.1162E04 -. 22-03 138 2133.24 -. 4530E-03 -.201310-03 0.13310-oz

61 116.519 0.38430-03 0,20-02 0.2230-0t 139 Z32.302 0.157430-02 0.17740-02 -.2736E-02

62 24 460 0.10500-o3 0,.207E-04 -. 2.-1 160 2.88 -.77370-03 -.821St-Os 0.13010-02

63 .9.673 0.61120-oz 0.1140-01 -.79040-03 141 237.321l 0,113'31-03 -..2700-06 -. 750

64 26.112 0.1427t-o3 -.6574E-03 0.53740-02 162 246,578 -.6822E-03 -.23670t-03 0.1,b,1-02

65 26.1 798 0.249"1-01 0.58310-02 0.26871-01 1443 Z61.8j - .17350-02z O.Zis10-O. -31030-02

64 28.611 0.267SE-01 -.10810-01 0.30530-01 166 272. 788 -. 68700-S - 3367Z-06 -.16840[006

47 24.036 0.17500E-02 -.. 5340-02 0.13060-03 145 273.8"' 0.51700-03 -.4068t-09 0.86-C-01

68 32.315 -.254.0-02 -.15071-01 0.165300-02 166 241.36S O.841"e-05 0.1412E-03 0.55e-a

64 13.112 -. 869990-o0 -22910-02 0.27,210-01 147 316.311 0.67'20-03 0.640-1S - .11:t-es

78 33.562 0.69730-03 0 I5110-02 0.2106t-01 168) 339.034 -. 11SSE-06 0.7520-O. 0.105-E-C5

73 3i. 370 -.10S41-02 0.73590f-02 0.34670z-02 169 3135.3184 0.30S50-17 0.13SLE-16 0.35-t4-17

?2 36,59 -.400-P5-02 0.89 -IF-03 O.Q..6"t-02 150 365.316 0.28 00f-12 0.1400-11 0.21114E12

73 39 639 0.549,E-02 01315GE-02 -.19110c-01 151 367.8,4 0.37,390-05 0.07-30-5[ Q3-O 0l-4

N6 60 170 0.61031-$3 0,172-F-02 _jq99)-02 152 W3914 -2 60 6700 0.1650t-06

75 '0 433 ~ 0 3.13*. -03 - . 051t.E02 - 5,7)0-I IS$ lee 7 -. 1251 ~601 -S701

74 62.566 0.3750-03 -.2"20-02 0.116st-o2 Is- 3ei.2, 081 -~01 .X0~

77 4114 0. 7525S-12 0 1" 6!E-CZ - LO01-1 155 5037) 03:03 7.03-3 31-

78 4523 -. 640-02 0.225.0-02 0.10520-03I 33). Sol.-Sl .~-5 -77)-S -t1!
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SECTION 4

STIFFNESS CONTROLLED DESIGN

4.1 Introduction

The stiffness controlled structural design (Revision 4) is one
component of the passively controlled system. In theory, the penalty paid
for the increased mass of the stiffened system will be offset by a
lighter, less complex passive control system. This will be true if the
effect of the disturbances is reduced significantly by local stiffening or
increasing the natural frequencies of the system.

The design of a stiffened structure can be approached in a number of
ways depending on the desired results. The simplest approach is to use a
trial and error method based on engineering judgement to increase member
sizes and natural frequencies. At the other end of the spectrum are
optimization techniques in which a performance index, which is a function
of structural parameters, is optimized subject to constraints on the
variables. The computation requirements for this type of approach can be
extensive. The approach which was used to generate this model falls
between these two extremes.

The objective of the redesign of this system is to improve the
performace by reducing the effects of the disturbances. This is
complicated by the fact that most of the elastic modes, except for -;hose
of the solar panels, will be excited by the disturbances and cauR-o LZS
errors. Normal improvement approaches employing frequency separaricn
between the disturbances and the structural modes will not be effective
because of the high bandwidth of these forces. It will be impossible to
add sufficient stiffness to raise the lcw frequency bending modes above 15
Hz. The maximum achievable frequency of these modes may be well below
this point. Based on the considerations, the goal of this redesign will
be to raise all frequencies of the optical support truss as much as
possible and to raise the solar panel modes out of the bandwidth of the
isolator modes.

Starting with the baseline design (Revision 1) a maximum mass model
was generated by increasing the size of all members to the maximum
permitted by the constraints.

Radius/thickness - 50

Length/radius = 40

Maximum thickness - 1.0 cm
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The maximum allowable area based on these constraints is the minimum of:

-5 2
AMAX 1 2 . L/4 0  L/4 0 . 1/50 - 7.854 x 10 L

AMAX2 - 2H1 L/40  .01 1 .5708 x 10- 3 L

AMAXI controls for all members in this model since it has the minimum
value for elements with length less than twenty meters. The structural
mass required for the maximum mass design is

Mass tAi Li P

This must be scaled to meet the structural mass constraint of 6686 kg and
total constraint of 15000 kg. All areas will be scaled uniformly to meet
these constraints. Since the member areas are proportional to L , the
stiffness matrix in both the axial and bending directions is proportional
to the length L. If there is a wide range of lengths in the model, the
shorter elements may not have sufficient strength. An analysis of this
design showed significant strain energy in the short elements of the lower
optical support truss. This was corrected by modifying the mass scale
factor to account for the inverse of the length. This will result in
areas which are proportional to the length and axial stiffness which is
independent of length and equal for all elements. Analysis results using
these modified section properties showed a significant improvement in
frequency and a better distribution of strain energy.

To raise the frequencies of the solar panels above 1 Hz, and avoid
overly large sections, the solar panel support booms were redesigned as a
truss. The design, shown in Figure 4.1, is modelled by an equivalent beam
in the finite element model.

Tube Properties:

Radius - 0.05 m
t -, 0.001 m

Area - 0.000314 m,

Section Properties:

Area a 4 Atub, - O.OC257 M2

1 - 0.000314 m
J - 0.00C628 m4

Mass/L - 3.82 k;im

Figure 4.1. Solar panel support boom design
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The section properties of the members in this design are listed in
Appendix C. The structural and non-structural mass lumped at each node
point are listed in Table 4.1.

4.2 Analysis

A normal modes analysis of the finite element model of the stiffness
controlled design, Revision 4, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 4.2 along
with the LOS error for each mode. These LOS errors are based on a unit
amplitude for each mode assuming they have been normalized to a unit
generalized mass.
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Table 4.1. Lumped mass distribution Revision 4

node structural non-stzuct. node structural non-struc-.
mass (kg) mass (kg) mass (":.g) mass (kg) I

I--------------------------------------------------------------- II
1 29.22 36 96.98 1

2 113.01 37 126 .20
3 209.68 33 126.20
4 123.35 1 39 96.98
5 113.01 1 40 134.51 1
6 207. 15 1 42 0 .0
7 29.22 1 43 11 .96
8 151.76 1 44 0.0 3500. I
9 195.78 67.4 1 45 11.96

10 164.84 67.4 1 46 0.0
11 195.78 67.4 47 0.0 1
12 165.76 67.4 48 14.96 81.91 1
13 151.76 49 29.91 1
14 196.39 50 29.91 163.82
15 269.43 51 29.91

16 305.14 52 26.92 73.82 I
17 269.43 53 26.92 73.82 1
18 305.14 54 29.91
19 196.39 55 29.91 163.82 I
26 189.90 56 29.91
27 270.24 69.50 57 14.96 81.91 1
28 185.98 6.74 910 125.08 I

29 195.18 69.50 1 1001 1000.0
30 261.05 6.74 1002 800.0
31 189.90 1003 1200.0

32 168.94 6.74 1 1004 600.0
33 214.79 6.74 1 1112 126.70
34 209.38 69.50 1 2830 62.76

35 163.52 69.50 I 3233 62.76
I---------------------------------------------------------------I

Totals 6686.40 8313.66 1

---------------------------------------------------------

Total mass 15000 kg

Center of Mass Location

= 0.0 m

- = -0.201
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Table 4.2. ACOSS Mtodel 02: Revision 4

Fel", P119 L.OS. LOST afoIPm t001 FRIGI HI LOSO LOSO OIPocus
............gU*3 . ttS * .On.UtU*~**Stlt** 4.3.z* sas:...... s.... z .. us...... ...... :Sss±zzs

9.s*~i -. o-io -. 64C1 79 $1.lad 8-59142 - 601-42 0.1-cH0J1

4, .. .78 'ef-09 9.951 -.3792915 so :SAO3 -41Sl-Ol a qeE-21

3 0. -. 89E-12 0.1911 .13341-06 .31 'AVO -301-02 -.2419.1 0.5ft1zf-J
* 000.71811-03 0.3'5- 1' 0.02211-09 02 9.779 0. 1 7511-02 0a0710 - .7011-02

5 . .72-S -.70611-03 0.10911-11 q Z-69 -.311-02 - .21311E-02 -. 216%1-0.
-0130577e-0e*5 t 6.9411 99 2.771 0.1335.1-2 0.13671-02 .02.2

7 a.141 -.399t-40 .9320-9-01 -.1600o-06 $4,9.11 0.10691-02 -. 1806E-02 02600

6 .76 *.31#q9I-06 -.8611-44 9.22301-09 6 99.644 .3'30.O -.17611-02 f-S7 C-Ol

1 0.7 .3 1502-04 -. 00-* 976-5 67 is0.123 0.30291 -.9..1-03 a-1.011-02

10 0.99 .168-0_-919105s.2231SI 6 1001 - .9I2113 -1800-0 - .99701-02
,a at99 -99 0S .99-0 *9549 * .14.3 0.71711-02 -.7191E-05 0-~.061-02

it 0.647 -.1007-0 .4se6l-07 0.1649-41 90 .01 -597 -02 0.78121-03 -.937-02
13 135 -.1911t.04 -.4490(.7 -.66701-4* 91 it: .34 .11721-02 -.lUo:1-0 0.2701:-Q

9s.3s$ 01.9 - .11-O0 -.2%311-07 0.1.2'l-17

IS .141 -.7bs E-0% ;.9091e 6951 99 121.10 0.1598-1-0 0.77922-03 -1110

19 ..437611009 6.600-9 9 122. .SI 0.37301-02 *.61Z01-02 *.71.1t-02

07 500 .699 0:-09 -.4 31 0.1731-13 46 113.207 -.19191-42 0.37M.-42 0.8671E-02
1S ..9." *6.999-0 -. 0 0 -. 7319 17 1 191 -.713-3 * 1%07-,E-0 - 30901E-02
19 .99 - 72110 0 .1646C-07 :.6678E-06 7 lz.

20 ~ 0.18911-09 -1,2Z-04 -.56051-09 zz 12.2 .:,-2 -.3076E-02 G.1SS1E02
it 7.73: 0.S1-3 -141-11 -.3239t-16 99 127.297 -.29911-02 -.24S1-02 0.7904f-0,

I2 7.835q 0.02191-09 0.73431-06 -. 12101-06 l00 126.230 0.'.31SE-02 *. 17.21-02 0.991SE-02

23 6.66# 0.937m-94 6.51 101 -. 90f- l61 110.716 0.82571-03 9.S9161-41 0.13..31-01
29 9.40 6.15911-07 6.173N10 ;. 1261E-06 l0t 111.467 -.9190-02 6.2)171-02 0.10711-02

I1 11.01 -. 1910:12 -.86121-096 -.39931-02 101 112.79.1 -. 11231-01 -.41S*1-02 0.12921-02
2* 12.7'79 0.3191-02 6744f-03 0.23911-01 169 131.329 0.30522-02 -.19191-02 -.4%ea10

27 12.811 0.10971-02 -.21701-02 0.0it0 161 136.166 0.69-03 0.51721-62 - .93211-02
26 13.511 - .10071-66 - .4995-0 - .2177t-03 16* 1301.809 - .00881-02 -. 1734-02 -.6.11-02

30 21.1*9 -.9101-09 -.72961-* -.9341t-07 10 1077 03110 .31-2 01*10
31 23.710 0.29701-01, -.02171-09 0.93051-61 lot 19.1 39 0.190S1-02 0.12971-02 6.27.01-02

It 2903 -. 6629-63 0.26591-04 -. 65804-61 i16 193.697 -.63271-02 0.311I-02 0.11101-02
33 27.309 - .10101-15 -.90019-1* 0.3S911-11 I01 197.811 -.2191-02 -.5161-42 -.12011-01

39 20.9901 6.11121-01 -.27601-07 -. 842 111 19.719 0.11661-01 -.97264-02 0.26011-02
31 Me.8. 0.37671-09 -.16191-06 -.23111-01 111 150.219 6.11711-0 7741 of-*I -'%7*91-0

39 29.011* 0.32011-09 0.1806-a5 0.12349-05 114 063 %0& . 0909-al 0.39391-02-Ga -10

37 29.69 0.39:11-03 0.73311-02 6.17601-02 its 152.672 -.53661-02 6.37291-03 0. S5.31 -02

38 1.919 0.701 -0I -.22051-05 -.41019-06 It* 133 135 0.13204,1-02 -.1*3.1-02 -.5167E-0,
39 30.799 -.30031-07 0.11031-05 0.91191-09 1t? M19.IO 0.11091-02 6.92121-02 6.107"71-02
90 32.21-2 -.59931-03 -.30631-02 0.20971E-02 11 9.0 .129*1-03 0.Z491-02 -.20791-0.

93 32.252 0.36 f-2 0.14951-12 -.10271-12 1 11.0 -.136-02 - .1131-02 - 1.711-01
92 2.939 0.11E07 I. VE7-06 -.3171f01 12 193.747 -.153'.1.02 -. 31-E4 0.349.1-0.
93 5.027 -.27311-02 -.6074143 0.3934E-61 121 16.2 -.17601-02 -.11100-02 0.7290[-OZ

94 38.00* -. 1720 .3109.1-6 0.36991-01 122 161.756 -.3109(-02 - 12201-02 0.92.81-02
91S 33.033 -.1309.1-02 -.37441-01 0.29371-02 123 194.052 0.29082-02 9.26332-02 -.917ef-02

99 '2.727 0.1229'.-01. -.09191f-02 0.14211-02 124. 169.291 -91- 0 .33031-02 0.11171-01
97 #A. t64 6..21019-il0 60911E-61 0.99911.02 121 171.17, 0.2024E-03 - .'21'1-02 -.39111-02

98 99.70 -.99"t1-01 0*1991t-02 0.9175-02 1296 173.611 0.26292-02 -.9.910 -.19661-02
*0 45.941 -.10021-01 -.30191-02 097-03 127 17S.770 -.20541-02 -.3.301-02 6.12331-01

10 9.790 -491-0 0.2a-2 -1110 126 177.071 -.1131-03 -.90101-02 -.20930-32,
Il 5.0 01210 o:aro 03110 129 161.072 0.52-02 - 103.-02a - 7814E102

92 8..42i 0.1110'-11 -. ift0-0 0.211100 130 18.119 0.31101-01 - .20271-01 -WIE73-az

13 1.Sis -1990-09i 0194-0 -9720106 111 164. 3.1 -9936C-03 0.G..21-09 .6711

59 1.121 -. 21411-02 0.16012 -2810 132 19b..30 0.21-2 -17171-02 - 27A.E-0.
133 09.900 -.11211-02 0 1-030 0.-6"E.1

Ss 61.6119 -.12901-01 6.27991-OS -.19981-05 a5 t9.0 -. 3910 .S22-2 0130

S9 11.921 6.93331-02 0.1739C-03 0.192.02a 131 199.026 -.14901-01 -.17091-02 0 z01*1-42
17 59.079 0.22161-01 -.21%11-02 0.217.-01 139 205.677 - .61701-04 0.91111-01 - .111E-02
so 14.017 -W5361-03 0.270"E-02 0.1001-02 i37 211.108a -.110-01 4.1701-4% -.6901-04
59 59.940 -.95621-03 0.123.1-01 0.30S61-02 138O 214.778 0,69S11-03 -.47S.1-03 - 1266E-02
6 91.139 -.12431-01 -.21239-02 -.20451-01 139 224.096 -.21301-03 0.4.8-1-03 0.111,1 -0.
91 93.511 0.16.51-01 0.36.31-02 4.1829e-02 190 U27.009 -.39002-03 -.2.691-43 -.39710-03

9 9.297 -. 31-2 0.20911-02 -. 2 -02 0.1 228.722 -. 93-1 0.17101-01 .. 610
931 .9.511 0-.31-03 -.1.0210 0.77231-02 192 219.6t2 -3711 .15-7 0121I

:4 98.300O 02301E-09 0.0010 .191-1 13 239.871S -.19311-09 0.10111-06 -.92S1-09
91 69.65 0.130010 a .19941-02 -.2777E-01, 199 Z91.05 -4.99-0, 0 12011-02 -. 17711-0.t

99 71.991 0.03!-0 -027-02 -.6699-02 198 29t. 19 -.133,81-03 -.60041-01 0-.'.--03
7 .7..4 - 6001-01 0.710 .31-3 199 246.090 0.11991-02 0 .1379-.04. -.56111-43
.4 77.179. 0.71A81-02 0.1119E-01 -.. 1,-02 1947 247.54.& 0.1922-t -.15301t-09 -.800C17
99 77.139 -.77191-07 -.10951-09 -.33169-09 196 297.551 23801-09 0 W373-06 Q..64t-10
76 77.79, 0.96750-06 0.679.E-08 -.51,4~-06 199e Z12.7311 -28l 0.1'3ll-3Z 0.1.77E-01

71 77. 790 -. 0.10 .40f-06 0.971841-06 130 213.078 0.1.12-03 -. 3210 -.1110-02
72 76.109 0.12231-01 0.1,711-01 0.51061-06 151 216.111 -Z.:.-E 03 s3600.-44 - 6511
73 78,..L -.191.1-02 -. 7511-02 -.13674-01 152 2S&..L 0-3691-0. 6 461-43 0.0.161-0.
7%. 7.. 0.2723E13 0.125.1-11 0.23901-11 M1 100.990 -.14131-0$ -.9991-a1 -.2.31-a
75 76.4%5 0.612-02 -3.131-0-2 -.20169-01 1S. 301.599 0 .7081-06 -20.91-0 a .045:1- 04
79 76.999 - 35941-07 0.60S71-09 0.19120-01 155 .17.",4 0.57411-05 - 2392-Of9 -'93.1-07
77 91.27 -1.910 -. 7.31-02 0.19..t-02 119 420.192 -.93922-01 -.73911-01 - .0019-09
76 01.015 - 80z42 -2S1f-02 0.230.0-01
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SECTION 5

SUMMARY

In order to meet the needs of the VCOSS program for two models which
represent the extremes of structural stiffness and were detailed enough to
allow specification of control sytem hardware, modifications were made to
the design of ACOSS Model #2. Three new revisions of this model were
created and are described in this report. The MSC/NASTRAN input for each
revision is included in an Appendix.

The first model, Revision I, is an updated version of the original
design, Revision 0. The design has been changed to add more detail to the
models of the mirrors, mirror support structure and equipment section.
The basic geometry and the stiffness of the structural members were not
changed from the original ACOSS Model #2. The dynamic characteristics of
this model are close to those exhibited by Revision 0.

Using this updated model as a baseline, two new revised models were
created. These two new revised models, a lightweight, flexible design
(Revision 3) and a heavy, stiff design (Revision 4) can be used to study
the trade-offs between structural mass and control system complexity.
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I0 DRAPER ,MCDELZ
SOL 3
CHKPNT YES

TIME 10

CENO
TITLE z **** ACOSS MODEL *2 W

SUBTITLE z UPDATED ORIGINAL MODEL - REV 1

MPC a 100
METHOD 2 600
OISP x ALL

ESE :ALL
BEGIN BULK
PARAM,uSETPRT,l
PARAI GRDPNT 0 too
EIGR 600 GY2V
4 10 MASS

$$ KINEMATIC MOUNT: TERTIARY MIRROR

RBE1,OO3,27,123,29,23I
3
Z
3
3', RB31

+R831,Ufl, 1003,123456

$ KINEMATIC MOUNT: PRIMARY MIRROR
S
RBE1, 1001,34u123,35,23, ZS

3
0,

3 
P, RB11

*R81 ,UMX,1001,Z123
45 6

t

$ KINEMATIC MOUNT: FOCAL PLANE

RBE1,1004,11,123,9,Z
3 ,

4 0,
3 ',, RB4I

RB41 ,UM,1004,123
4 56

t

$ KINEMATIC MOUHT: SECONDARY MIRROR

RBE,O0,910,,123,1122,
2 3 ,

4 ,3
, ,

RB 21

*RB21 ,UM,100,
Z
123

45 6

$

$ RIGID EQUIPMENT SECTION

RBE 141 44 123456 42 43 45 46 47

S

S NODE POINT LOCATIONS

$ NODE 0 X(M) YWIM Z(M)

GRID 1 -70 0.0 0.0

GRID z -4.0 5.0 0.0

GRID 3 -4.0 -5.0 0.0

GRID 4 0.0 5.0 0.0

GRID 5 4.0 S.0 0.0

GRID 6 4.0 -5.0 0.0

GRID 7 7.0 0.0 0.0

GRID 8 -7.0 0.0 2.0

GRID 9 -4.0 5.0 2.0

GRID 1004 0.0 4.0 2.0

GRID lo -4.0 -S.0 2.0

GRID 910 -4.0 -2.S 2.0

GRID 1112 4.0 -2.5 2.0
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GRID 11 4,0 5.0 2.0

GRD 13 4.0 -5.0 2.0
GRID 14 7.0 0.0 2.
GRID 15 .6.0 4.0 12.
GRID 16 -4.0 4.0 I2.
GRID 17 -4.0 -4.0 12.
GRID 18 4.0 4.0 12.
GR D 1 7 .0 -4 0 1i .

GRID 19 6.0 0.0 12.0
GRID 2 -5.0 0.0 22.0
GRID 27 -4.0 3.0 22.0
GRID 27 -4.0 -3.0 22.0

GRID 23 0.0 -3.0 22.0

GRID 2830 0.0 -6.5 22.0

GRID 1001 4.0 3.0 22.0

GRID 29 4.0 -3.0 22.0

GRID 30 5.0 0.0 22.0

GRID 31 -4.0 10.0 22.0

GRID 32 0.0 10.0 22.0

GRID 3233 0.0 6.5 22.0

GRID 1003 4.0 10.0 22.0

GRID 33
GRID 3' -4.0 -10.0 22.0
GRID 35 4.0 -10.0 22.0
GRID 36 -4.0 3.0 24.0
GRID 37 -4.0 -3.0 24.0
GRID 38 4.0 3.0 24.0
GRID 39 4.0 -3.0 24.0
GR0D 39 0.0 2.5 2.0
GR1D 40 0.0 0.0 2.0

GRID 102 0.0 S.0 -0.3

GRID 42 -2.0 0.0 -1.3

GRID 43 0.0 -1.667 -1.3

GRID 44 2.0 0.0 -1.3

GRID 4S -4.0 -5.0 -0.3

GRID 46 4.0 -5.0 -0.3

GRID 47 -26.0 0.0 -1.3

GRID 49 -21.00 0.0 -1.3

GRID 49 -16.0 0.0 -1.3

GRID 5 -11.0 0.0 -1.3

GRID 51 -6.0 0.0 -1.3

GRID 52 6.0 0.0 -1.3

GRID 53 11.0 0.0 -1.3

GRID 54 16.0 0.0 -1.3

GRID S5 *1.00 0.0 -1.3
GRID 57 26.0 0.0 -1.3
GRID 100 0.0 0.0 0.0 456

$ ELEMENT CONNECTION DATA

$ PROP# NODE NOD! LOCAL AXIS OR ENTATION VECTOR$ ELEMS RP 
r'  HO

$ 1.0 0.0 0.0 1

CAR 1 200 1 z
CZAR 2 2o 1 3
C3AR 3 200 2 3
CSAR 4 200 2 4 0.0 1.0 0.0 1

CBAR S 200 3 4
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CSAR 6 200 4 5 0.0 1.0 0.0

CBA. 7 200 4 6
CalR 8 oo 3 6 0.0 1.0 0.0

CZAR 9 2o0 5 6

C5.1 10 200 5 7

CSAR 11 200 6 7

CSAR 12 200 1 8

CSAR 13 200 2 9

CBAR 14 200 3 10

CSAR 15 200 5 11

CBAR 16 200 6 12

CZAR 17 200 7 13

COAR 18 200 3 8

CZAR 19 2c0 2 8

CSAR 21 200 4 9

CBAR 22 ZOO 4 11

COAR 24 200 S 13

C5AR 25 zCo 6 13

CSAR 30 200 8 9

CBAR 31 tCO 8 10

C AR 32 200 9 910

CBAR Z32 200 910 10

CZAR 33 200 9 40

CZAR 34 2oo 910 40

CZAR 35 200 11 40

COAR 36 200 1112 40

CBAR 201 200 910 1112 0.0 1.0 0.0

CBAR 202 200 2 910
CSAR 203 200 3 910

CBAR 204 200 5 1112

CSAR 205 200 6 1112

COAR 207 200 12 910

CZAR 26 200 1112 3

CBAR 27 200 6 10

CBAR 37 200 9 I1 0.0 1.0 0.0

CSAR 3S 200 10 12 0.0 1.0 0.0

CSAR 39 200 11 111z

CSAR 239 200 1112 12

CSAR 40 200 11 13

C1AR 41 200 12 13

CBAR 42 300 14 15

CAR 4- 300 14 16

CSAR 44 300 16 15

CSAR 45 300 17 18

CSAR 46 300 17 19

CSAR 47 300 18 19

COAR 54 300 26 27

CSAR 55 300 26 28

CZAR 56 300 27 z8

CAR 57 300 29 30

CSAR 58 3C0 29 31

CAR 59 300 30 31

CBAR 60 300 27 29 0.0 1.0 0.0

COAR 61 300 27 30

CAR 62 62 28 2830 0.0 1.0 0.0

COAR 184 62 2830 30 0.0 1.0 0.0

CZAR 63 300 27 36
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II.-1

CBAR 64 300 26 37
CSAR 65 300 30 39
CZAR 66 300 29 38
CIAR 67 300 29 36
CSAR 68 300 27 37
CBAR 69 300 z8 39
CSAR 70 300 30 38

CSAR 71 300 36 37
CSAR 72 300 37 39 0.0 1.0 0.0
CBAR 73 300 39 38
CBAR 74 300 36 38 0.0 1.0 0.0
CBAR 75 300 37 38
CBAR 12, 300 26 37

CZAR Iz 300 26 i6
C8AR 129 300 31 39
CSAR 130 300 31 33
CSAIR 76 4C0 8 14
CBAR 77 400 10 14
CSAR 78 400 10 16
CAR 79 400 16 9
CBAR 81 400 9 17
CSAR 181 400 8 is

CBAR 18 00 6 10
MBAR 183 zoo 2 40

CSAR 186 400 3 40
CSAR 187 z00 S 40
CBAR 8 400 14 17
CSAR 82 400 16 i8
CBAR 83 400 16 27
CSAR 81 400 12 19
CBAR 2s 400 13 19
CSAR 86 400 13 17
CSAR 87 400 18 26
CBAR 88 400 14 z
CBAR 89 400 16 ze
CAR 90 400 16 27
CSAR 93 400 17 27
CMAR 92 400 15 26
CAR 93 400 16 39
CBAR 9 400 17 39
CBAR 9 400 18 30
CSAR 96 400 19 30
CMAR 97 400 19 31
CSAR 93 400 17 31
CSAR 99 400 29 32
CSAR 100 400 36 33
CSAR 101 00 17 33
CBAR 10z 400 18 35
CSAR 111 400 Z6 lz

COAR 185 600 27 3z
CSAR 117 400 27 33
CSAR 114 400 29 33

.CSAR lis 400 31 33

.CSAR 116 6z 3Z 1233 0.0 1.0 0.0
CBAR 185 62 3233 33 0.0 1.0 0.0
CS AR 117 400 26 34

C3AR 118 400 28 34
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CBAR 119 400 30 34

CBAR 120 400 30 35

C3AR 1zi 400 31 35

CIAR 122 400 34 35 0.0 1.0 0.0 1

CBAR 123 400 3z 36

CSAR 114 400 33 38

CBAR 125 400 34 37

CBAR 126 400 35 39

CBAR 131 500 48 49 0.0 1.0 0.0 1

CBAR 132 500 49 50 0.0 1.0 0.0 1

CBAR 133 50o 50 51 0.0 1.0 0.0 1

CBAR 134 500 51 5z 0.0 1.0 0.0 1

CBAR 135 500 52 43 0.0 1.0 0.0 1

CBAR 136 500 45 53 0.0 1.0 0.0 1

CBAR 137 50 53 54 0.0 1.0 0.0 1

CBAR 138 500 54 55 0.0 1.0 0.0 1

CBAR 139 500 55 56 0.0 1.0 0.0 1

CSAR 140 500 56 57 0.0 1.0 0.0 1

$

s ISOLATOR SPRINGS
$

$ ELEMS K NODE DOF NODE DOF

$ (H/M) A A B B

S

CELAS2 142 5.79E3 4 1 42 1

CELASZ 143 5.79E3 4 3 42 3

CELAS2 145 5.79E3 3 1 46 1

CELASZ 146 5.79E3 3 2 46 2

CELASZ 147 5.79E3 3 3 46 3

CELASZ 148 5.79E3 6 1 47 1

CELAS2 149 5.79E3 6 2 47 2

CELASZ 150 S.79E3 6 3 47 3

$

$ MATERIAL PROPERTY DATA

$ $ MAT 9 E NU RHO

MAT1 100 1.24E411 0.3 1720.

MAT1 200 1.24E+11 0.3 1720. -

MAT1 300 1.24E+11 0.3

$ LUMPED MASS DATA
s +XXXX

$CCNM2 ELEV% HCOE# MASS X

$+XXXX lxx IYY Izz

$

*$ MIRRORS

COW2 1001 1001 1000. 
+1001

.1001 4083.33 5333.33 9416.67

CC,12 1002 1002 800. 5943.40

:+4040 1666.67 4266.67 5933.33

CONM2 1003 1003 1200. 11003

+1003 4900. 6400. 0300.

CO Z 1004 1004 600. .1004

32



.1004 ZOO. 800. 1000.

*$ EQUIPMENT SECTION
$

CoNM2 544 44 3500. .544
+S44 V 611. 10500. 28777.
t

s SOLAR PANELS
$

Comm2 548 48 81.91 +548
+548 270.0
COmm2 550 50 163.82 +550
+550 540.0
COmM2 552 52 73.82 4552
+552 270.0
CON112 553 53 73.82 +553
+553 270.0
CC!:M2 357 57 81.91 +557
+555 540.0
Comm2 555 55 163.82 +555
+557 270.0

$ $ ADDITIONAL NON-STRUCTURAL MASS AT MIRROR SUPPORTS

CONM2 501 27 69.5
CONm2 502 28 6.74
CONma 503 29 69.5
Comma 504 30 6.74
CONM2 505 32 6.74
CON?12 506 33 6.74
CONm2 507 34 69.5
CONM2 508 35 69.5
CO'M2 509 9 67.4
CCN12 510 10 67.4
CONM 511 11 67.4
COII 512 12 67.4
$

$ BEAM SECTION PROPERTIES
$

$ PROP# MAT# AREA IYY IZZ J NSM
$

PBAR 200 100 6.250E-43.095E-63.095E-66.189E-6

PSAR 300 100 3.133E-41.509E-61.509E-63.115E-6
PBAR 400 1C0 3.919E-43.04E-63.OC4E-6.099E-6
PBAR 500 100 9.407E-41.874E-51.874E-53.749E-5
PBAR 62 300 6.082E-31.521E-31.52IE033.041E-3 15.69
S
$
$
$ MULTI-POINT CONSTRAINT FCR X-AXIS LOS ERROR (NODE 100 OF 1)
$

MPC% 100 1 100 1 -1.0*1000000
*1000000 34 2 -0.01855287570 *1C0c001
*1000001 34 3 -0.14285714286*1000002
*1000002 35 2 -0.0185528757 *1000003
*1000003 35 3 -0.14285714286*1000:04
*1000004 2830 3 0.23S571428572 *icoC05
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*1000005 30 3 0.0 *1000006

*1000006 27 2 0.08065681999 *1000007
*1000007 27 3 -0.35489000795*10c::3
*1000008 29 2 0.0806568199Q *1000009
*1000009 29 3 -0.35489000795*1000010
*1000010 3233 3 0.70978001590 *1000011
*1000011 33 3 0.0 *1000012
*1000012 1002 4 -3.48423005566 *1000013
*1000013 11 2 -0.062103944Z9*i000A14
*1000014 9 Z -0.06210394429
$

* MULTI-POINT CONSTRAINT FOR Y-AXIS LOS ERROR (NODE 100 DOF 2)
$

MPC* 100 100 2 -1.0*2000000
*2000000 34 1 -0.03710575139 *2OO0001
*ZOO0001 34 Z -0.04638218924.200C^:Z
*Z000002 34 3 -0.2500000000 *2000C03
*2000003 35 2 0.04638218924*O000340
*2000004 35 3 0.2500000000 *O00005
*Z000005 27 1 0.16131363998*Z000006
*2000006 27 2 -0.06049261499 *200007
*ZO00007 27 3 -0.62105751391*20000C8
*Z000008 29 2 0.06049261499 *2000009
*2000009 29 3 0.62105751391*2000010
*2000010 1002 5 3.48423005566 *2000011
*2000011 11 1 -0.12420788859*0C0012
*2000012 11 2 -0.07762993037 *200013

*2000013 9 2 0.07762993037*2000014
*2000014
$

$ MULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE 100 DOF 3)
S

MPC* 100 100 3 -1.0*3000000
*3000000 34 3 -0.0191Z393776 *300031
*3000001 35 3 -0.01912393776*400002Z

*3000002 2830 3 0.12749291836 *3000003
*3000003 30 3 0.0 *3000004
*3000004 27 3 0.77803217347 *3000005
*3000005 29 3 0.77803217347*30CC006
*3000006 3233 3 -0.46681930403 *3003007
*3000007 1002 3 -0.17849008571*3CC0003
*3000008 9 3 0.50000000000 *3000C9
*3000009 11 3 0.500000000do"30:cC10
*3000010 40 3 -2.00000000000
$

*RIGID BODY !UPPOPT
$

SUPORT,44o123456
ENDDATA

END OF MEMER REVOl 391 RECORDS *******
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10 CRAPER, MCDEL2
SOL 3
CHKFNT YES
CEND
TITLE z ACOSS MODEL #2 - REVISION 3

SUBTITLE z VCOSS DESIGN MODEL

LABEL 2 156 MODES AND FREQUENCIES
MPC Z 100
METHOD 2 600
ISP = ALL
$ESE = ALL
BEGIN BULK
PARAM,USETPRT,1
PARAM GROPNT 0

EIGR 600 GIV 200 +10

#10 MASS
$

$ KINEMATIC MOUNT: TERTIARY MIRROR
$

RBE1,1003,Z7,123,29,23,3233,
3
, +rIB

3
1

*RB31 ,UM, 1003,123456
$

$ KINEMATIC MOUNT: PRIMARY MIRROR
$

RBE1,1001,34,123,35,23 283O,
3 

,.+RBZ1

+RBI1,UM1, 1001,123456
$
$ KINEMATIC MOUNT: FOCAL PLANE
$

RBE1,1004,11,123,9,3,
4
O,

3
, , RB41

*R841,U?1,1004,123456
$

$ KINEMATIC MOUNT: SECONDARY MIRROR

RBE1,1002,910,123,111.,23,
4

t,
3
,,+RB21

+RB21,UM, 100ZP123436
$
$ RIGID EQUIPMENT SECTION
$

RBEZ 141 44 123456 42 43 4S 46 47
$

S NODE POINT LOCATIONS

$ NODE# X (M) Y (M) Z (M)

GRID 1 -7.0 0.0 0.0

GRIO 2 -4.0 5.0 0.0

GRID 3 -4.0 -5.0 0.0

GRID 4 0.0 5.0 0.0

GRID S 4.0 5.0 0.0

GRID -6 4.0 -5.0 0.0

GRID 7 7.0 0.0 0.0

GRID 8 -7.0 0.0 2.0

GlID 9 -4.0 S.0 2.0

GRlO 1004 0.0 4.0 2.0

GRID 10 -4.0 -5.0 2.0

GRID 11 4.0 5.0 2.0

GRID 12 4.0 -S.0 2.0
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GRID 910 -4.0 -Z.5 2.0

GRID 1112 4.0 -2.5 2.0
GRID 13 7.0 0.0 2.0
GRID 14 -6.0 0.0 12.
GRID 15 -4.0 4.0 12.

GRID 16 -4.0 -4.0 12.
GRID 17 4.0 4.0 12.
GRID i8 4.0 -4.0 12.

GRID 19 6.0 0.0 12.0
GRID 26 -5.0 0.0 22.0
GRID 27 -4.0 3.0 22.0

GRID 28 -4.0 -3.0 22.0
GRID 2830 0.0 -3.0 22.0
GRID 1001 0.0 -6.5 22.0
GRID 29 4.0 3.0 22.0
GRID 30 4.0 -3.0 22.0
GRID 31 5.0 0.0 22.0

GRID 32 -4.0 10.0 22.0
GRID 3233 0.0 10.0 22.0
GRID 1003 0.0 6.5 22.0
GRID 33 4.0 10.0 22.0
GRID 34 -4.0 -10.0 22.0
GRID 35 4.0 -10.0 22.0

GRID 36 -4.0 3.0 24.0
GRID 37 -4.0 -3.0 24.0
GRID 38 4.0 3.0 24.0

GRID 39 4.0 -3.0 24.0
GRID 40 0.0 2.5 2.0

GRID 1002 0.0 0.0 2.0
GRID 42 0.0 5.0 -0.3
GRID 43 -2.0 0.0 -1.3
GRID 44 0.0 -1.667 -1.3

GRID 45 2.0 0.0 -1.3
GRID 46 -4.0 -5.0 -0.3
GRID 47 4.0 -5.0 -0.3
GRID 48 -26.0 0.0 -1.3
GRID 49 -21.00 0.0 -1.3

GRID 50 -16.0 0.0 -1.3

GRID 51 -11.0 0.0 -1.3
GRID 52 -6.0 0.0 -1.3
GRID 53 6.0 0.0 -1.3
GRID 54 11.0 0.0 -1.3
GRID 55 16.0 0.0 -1.3
GRID 56 21.00 0.0 -1.3

GRID 57 26.0 0.0 -1.3
GRID 100 0.0 0.0 0.0 456
$
s ELEMENT CONNECTION DATA
$

$ ELEM# PROPS NODE NCDE LOCAL AXIS ORIENTATION VECTOR
$ A a
$

BAROR 1.0 0.0 0.0 1
CSAR 1 1 1 2
CSAR 2 2 1 3
CSAR 3 3 2 3

CSAR 4 4 2 4 0.0 1.0 0.0 1

37



7

COAR S 5 3 4
CtAR 6 6 4 S 0.0 1.0 0.0,BAR 7 7 4 6

CBAR 8 8 3 6 0.0 1.0 0.0
CSAR 9 9 S 6
CBAR 10 10 5 7
CSAR 11 11 6 7
CBAR 12 12 1 8
CBAR 13 13 2 9
CSAR 14 14 3 10
CBAR 15 15 5 11
CBAR 16 16 6 12
CBAR 17 17 7 13
CSAR 18 18 3 8

BAR 19 i9 2 8
CBAR 21 21 4 9
CBR 22 22 4 11
CBAR 24 24 5 13
CBAR 25 25 6 13
CBAR 26 26 1112 3
CBAR 27 27 6 10
CBAR 30 30 8 9
CBAR 31 31 8 10
CBAR 32 32 9 910
CBAR 232 232 910 10
CBAR 33 33 9 40
CBAR 34 34 910 40
CBAR 35 35 11 40
CBAR 36 36 1112 40
CBAR 37 37 9 11 0.0 1.0 0.0
C3AR 38 38 10 12 0.0 1.0 0.0
CBAR 39 39 11 1112
C5AR 239 239 1112 12

CBAR 201 201 910 1112 0.0 1.0 0.0
CBAR 202 202 2 910
CBAR 203 203 3 910
CSAR 204 204 5 1112
CBAR 20S 205 6 1112
CSAR 207 207 12 910
CBAR 40 40 11 13
CSAR 41 41 12 13
CBAR 42 42 14 15
CSAR 43 43 14 16
CBAR 44 44 16 15
CBAR 45 45 17 18
CBAR 46 46 17 19
CBAR 47 47 18 19
CBAR 54 54 26 27
CBAR 55 SS 26 28
CBAR 56 56 27 28
CSAR S7 57 29 30
CSAR s s8 29 31
CZAR 59 59 30 31
c AR 60 60 27 29 0.0 1.0 0.0
CBAR 61 61 27 30
CSAR 62 62 28 2830 0.0 1.0 0.0
CSAR 184 184 Z330 30 0.0 1.0 0.0
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CBAR 63 63 27 36
CBAR 64 64 28 37
CEAR 65 65 30 39
CBAR 66 66 29 38
CBAR 67 67 29 36
CSAR 68 68 27 37
CBAR 69 69 z8 39

CBAR 70 70 30 38
CBAR 71 71 36 37

CAR 72 72 37 39 0.0 1.0 0.0 1
CSAR 73 73 39 38
CBAR 74 74 36 38 0.0 1.0 0.0 1
CSAR 75 75 37 38
CBAR 127 127 26 37
CSAR 128 128 26 36
CBAR 129 129 31 39
CBAR 130 130 31 38
CBAR 76 76 8 14
CBAR 77 77 10 14
CBAR 78 78 10 16
CBAR 79 79 16 9
CSAR 80 80 9 is
CBAR 181 181 8 15
CSAR .182 182 6 40
CBAR 183 183 2 40
CBAR 186 166 3 40
CBAR 187 187 5 40
CSAR 81 81 11 17
CBAR 82 82 11 18
CSAR 83 83 12 18
CBAR 84 84 12 19
CBAR 85 85 13 19
CSAR 86 86 13 17
CBAR 87 87 14 26
CSAR 83 88 14 28
CBAR 89 89 16 28
C8AR 90 90 16 27
C8AR 91 91 15 27
CAR 92 92 15 Z6
CSAR 93 93 17 29
CBAR 94 94 i8 29
CBAR 95 95 18 30
CBAR 96 96 19 30
C3AR 97 97 19 31
CBAR 98 98 17 31
CBAR 99 99 15 32
CBAR 100 100 16 34
CBAR 101 101 17 33
CBAR 102 102 18 35
CBAR 111 111 26 32
CBAR 112 112 27 32
CBAR 113 113 27 33
CBAR 114 114 29 33
CBAR 115 115 31 33
CBAR 116 116 32 3233 0.0 1.0 0.0
CSAR 185 185 3233 33 0.0 1.0 0.0
CBAR 117 117 26 34
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CBAR 118 118 28 34
CBAR 119 119 30 34
CSAR 120 120 30 35
CBAR 121 121 31 35
CBAR 122 122 34 35 0.0 1.0 0.0 1
CBAR 123 123 32 36
CBAR 124 124 33 38
CBAR zs 125 34 37
C8AR 126 126 35 39
CBAR 131 131 48 49 0.0 1.0 0.0 1
CBAR 132 132 49 50 0.0 1.0 0.0 1
COAR 133 133 50 51 0.0 1.0 0.0 1
CBAR 134 134 51 52 0.0 1.0 0.0 1
C3AR 135 135 52 43 0.0 1.0 0.0 1
CBAR 136 136 45 53 0.0 1.0 0.0 1
CBAR 137 137 53 54 0.0 1.0 0.0 1
CSAR 138 138 54 55 0.0 1.0 0.0 1
CBAR 139 139 55 56 0.0 1.0 0.0 1
CBAR 140 140 56 57 0.0 1.0 0.0 1$

ZSOLATOR SPRIN3S
$

$ ELEMS K NODE DOF NODE DOF
* (N/H) A A B B
$

CELAS2 142 5.79E3 4 1 42 1
CELASZ 143 5.79E3 4 2 42 2
CELAS2 144 5.79E3 4 3 42 3
CELAS2 145 5.79E3 3 1 46 1
CELASZ 146 5.79E3 3 2 46 2
CELAS2 147 5.79E3 3 3 46 3
CELAS2 148 5.79E3 6 1 47 1
CELASZ 149 5.79E3 6 2 47 2
CELASZ 150 5.79E3 6 3 47 3
S

M MATERIAL PROPERTY DATA
$

$ , MAT# E NU RHO
$

MAT1 100 1.24E 11 0.3 1720.
MATI VoO 1.24E.11 0.3 1720.
MATI 300 1.24E+11 0.3 2579.70

S * LUM~PED MASS DATA

$CONM2 ELEMS NODE* MASS +XXXX
$+xxxX lxx ZYY IZZ
$
s MIRRORS
$

CONM2 1001 1001 1000. 41001
+1001 4083.33 5333.33 9416.67
CONIM2 1002 1002 800. +4040
+4040 1666.67 4266.67 5933.33
CCN12 1003 1003 1200. +1003
+1003 4900. 6400. 11300.
C? 2 1004 1004 600. +1004
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+1004 200. 800. 1000.

$
$ EQUIPMENT SECTION
$

CON?12 544 44 3500. +544
+544 20611. 10500. 28777.
$

$ SOLAR PANELS
$
C"2 548 48 81.91 +548
+548 270.0
CON 2 550 50 163.82 +550
+550 540.0
CN.;2 5sz 5z 73.82 +552
+552 270.0
CONMZ 553 53 73.82 +553
+553 270.0
CONMZ 557 57 81.91 +557
+555 540.0
CON.2 S55 55 163.82 +555
+557 270.0
$
$ ADDITIONAL NON-STRUCTURAL MASS AT MIRROR SUPPORTS
$

CONMi2 501 27 69.5
CONMZ 502 28 6.74
CONMZ 503 29 69.5
CO'I 2 504 30 6.74
COI412 505 32 6.74
CONM2 506 33 6.74
COW.2 507 34 69.5
CCNM2 508 35 69.5
CONM2 509 9 67.4
CON ?2 510 10 67.4
CONM2 511 11 67.4
CONM2 512 12 67.4

* BEAN SECTION PROPERTIES
$

PBAR PROP# MAT* AREA Ill *XX)=Oc
$XXXXXXX 12z J
$
PBAR* 1 100 0.678583E-04 0.439721E-07* I

1 0.439721E-07 0.879442E-07
PBAR* 2 100 0.678583E-04 0.439721E-07* 2

2 0.439721E-07 0.879442E-07
PBAR* 3 100 0.255098E-03 0.621422E-06* 3

3 0.621422E-06 0.124284E-05
PBAR* 4 100 0.678583E-04 0.439721E-07* 4
* 4 0.439721E-07 0.879443E-07
PBAR* 5 100 0.343532E-03 0.112695E-05* S

S 0.112695E-0S 0.225391E-CS
PBAR* 6 100 0.678S83E-04 0.439721E-07* 6

6 0.439721E-07 0.879443E-07
PSAR* 7 100 0.343532E-03 0.112695E-05* 7
* 7 0.112695E-05 0.22S391E-05
FBAR* 8 100 0.104152E-03 0.103587E-06* 8
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8 0.103387E-06 0.207174E-06

FBAR* 9 100 0.2SS098E-03 0.621422E-06* 9

4 9 0.6214ZZE-06 0.124284E-C5

PBAR* 10 100 0.673533E-04 0.439721E-07w 10

* 10 0.439721E-07 0.8794429-07

PSAR4 11 100 0.678583E-04 0.439721E-07w 11

4 11 0.4397IE-07 0.879442E-07

PSAR* 12 100 0.6785839-04 0.439721E-07* 12

0 12 0.439721E-07 0.879443E-07

PSAR4 13 100 0.678583E-04 0.43972IC-07w 13

N 13 0.439721E-07 0.879443E-07

P8AF* 14 100 0.678583E-04 0.439721E-07* 14

0 14 0.4397ZE-07 0.879443E-07

PBAR* 15 100 0.678583E-04 0.439721E-07* 15

15 0.439721E-07 0.879443E-07

PBAR* 16 100 0.678583E-04 0.439721E-07k 16

0 16 0.439721E-07 0.879443E-07

PBAR4 17 100 0.6785831-04 0.4397211-074 17

17 0.439721E-07 0.879442E-07

PBAR* 18 100 0.678583E-04 0.439721E-07* 18

18 0.439721E-07 0.879442E-07

POAR* 19 100 0.678583E-04 0.439721E-07* 19

1 19 0.4397ZE-07 0.879442E-07

PAR* 21 100 0.678583E-04 0.439721E-07* 21

4 z1 0.439721E-07 0.879443E-07

PSAR* 22 100 0.678583E-04 0.439721E-07w 22

22 0.439721E-07 0.879443E-07

PBAR* 24 100 0.678583E-04 0.439721E-07* 24

24 0,439721E-07 0.879442E-07

PSAR4 25 100 0.678583E-04 0.439721E-07* 25

25 0.439721E-07 0.879442E-07

PSAR* 26 100 0.140494E-03 0.188490E-06' 26

* 26 0.188490E-C6 0.376979E-06

PS2A 27 100 0.140494E-03 0.188490E-060 27

27 0.188490E-06 0.376979E-06

PBAR* 30 10a 0.678583E-04 0.439721E-07* 30

0 30 0.439721E-07 0.879442E-07

PBAR* 31 100 0.678583E-04 0.439721E-07* 31

4 31 0.439721E-07 0.87944CE-07

PSAR* 32 100 0.804583E-04 0.618177E-07* 32

* 32 0.618177E-07 O.lZ363SE-06

FBAR* 33 ICO 0.678S33E-04 0.439721E-07* 33

33 0.439721E-07 0.879443E-07

PSAR* 34 100 0.678583E-04 0.439721E-07* 34

4 34 0.439721E-07 0.879443E-07

PBAR4 35 100 0.6785S83E-04 0.439721E-07 3s

4 35 0.439721E-07 0.879443E-07

PSAR* 36 100 0.678583E-04 0.439721E-07* 36

36 0.439721E-07 0.879443E-07

PBAR% 37 100 0.1041SZE-03 0.103587E-06* 37

37 0.103557E-06 0.207174E-06

PBAR* 38 100 0.10415ZE-03 0.103587E-060 38

38 0.103587E-06 0.207174E-06

PSAR* 39 100 0.804583E-04 0.618177E-07w 39

39 0.618177E-07 0.1236331-06

PSAR* 40 100 0.6785831-04 0.439721E-070 40

40 0.439721E-07 0.87944ZE-07

42



4SRq 41 100 0.678543E-04 0.439721E-07* 41
41 0.439721E-07 0.879442E-07

42 100 0.678563E-04 0.4397Z1-07*
4 42 0.439721E-07 0.879443E-07

PSAR' 43 100 0.675583E-04 0.4397Z11-07* 43
43 0.4397211-07 0.8794431-07

PSAR* 44 100 0.104152E-03 0.103587E-06* 44
44 0.1035871-06 0.207174E-06

PI:AR* 45 100 0.104152E-03 0.103S67E-06* 45
4S 0.103587E-06 0.207174E-06

PSAR' 46 100 0.678583E-04 0.439721E-07* 46
46 . 0.439721E-07 0.879443E-07

PSAR* 47 100 0.678583E-04 0.439721E-07* 47
47 0.439721E-07 0.879443E-07

PSAR* 54 100 0.67$583E-04 0.439721E-07* 54
54 0.439721E-07 0.879442E-07

PSAR' 55 100 0.678583-04 0.43971E-07* 55
55 0.439721E-07 0.879442!-07

PSAR* S6 100 0.678583E-04 0.439?Z1E-07* 56
56 0.4397Z1E-07 0.879442E-07

ROARN 57 100 0.678583E-04 0.4397Z1E-07* 57
N 57 0.439721E07 0.879442E-07
PBARN 58 100 0.67583E-04 0.43971E-076 50

58 0.43957E-07 0.879442E-07
PAR* 59 100 0.678583E-04 0.439721E-076 39
* 59 0.439721E-07 0.$79442E-07
PSAR* 60 100 0.1041521-03 0.103587E-06* 60

60 0.103$87E-06 0.207174E-06
PSAR* 61 100 0.25S098E-03 0.621422E-06* 61
N 61 0.621422E-06 0.124284-07
PRAR* 62 300 0.0060821 0.01520 62

62 O.30Z01 0 0.0030410
PSAR* 63 100 0.678543E-04 0.439721E-07* 63
N 63 0.439721E-07 0.879443E-07
PSAR' 64 100 0.678583E-04 0.4397Z11-07* 64
% 64 0.439721E-07 0.879443E-07
POAR* 65 100 0.6785 3-04 0.439721E-07 6S
N 65 0.439721E-07 0.879443E-07
PBAR* 66 100 0.678583E-04 0.439721E-07* 66

66 0.439721E-07 0.879443E-07
PSAR* 67 100 0.117640E-03 0.132154E-06* 67
* 67 0.132ZS4E-06 0.264308E-06
PSAR* 68 100 0.678583E-04 0.439721E-07* 6
N 68 0.439721E-07 0.67944ZE-07
PSAR* 69 100 0.117640-03 0.132154E-06' 69
* 69 0.13Z154E-06 0.2643081-06
PSAR* 70 100 0.678583E-04 0.439721E-07* 70

N 70 0.439721E-07 0.579442E-07
PO3AR* 71 100 0.67B5831-04 0.439721E-07* 71
* 71 0.439721E-07 0.67944ZE-07
PBAR* 72 100 0.1041521-03 0.103587E-06* 72

* 72 0.103587E-06 0.207174E-06
PBAR% 73 100 0.6785831-04 0.439721E-07* 73

* 73 0.4397211-07 0.67q442E-07
P 7AR* 74 100 0.1041.7--03 0.1035871-06* 74

* 74 0.103587E-C6 0.207174E-06
FSAR% 75 100 0.255098E-03 0.621Z422E-06 7S
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* 7S 0.62142ZE-06 0.124Z84E-OS
76 100 0.259503E-03 0.64306S8-06' 76

* 76 0.6430658-06 0.128613E-05
PSAR* 77 100 0.424114E-03 0.1717658-05' 77

77 0.1717656-05 0.3435318-05
PSAR* 78 100 0.2595038-03 0.6430658-06* 78

78 0.6430658-06 O.122613e-05
BA*79 100 0.833904E-03 0.6640SSE-OS* 79

* 79 0.66405SE-O5 0.132811E-04

PSAR* 80 100 0.259503E-03 0.6430658-06* 80

80 0.6430658-06 0.128613E-OS
PSAR* al 100 0.259503E-03 0.6430658-06* al~

81 0.6430658-06 0.128613E-05
PSAR* 82 100 0.833904E-03 0.6640SSE-05* 82

82 0.6640SSE-OS 0.132811E-04
PSAR* 83 100 0.2595038-03 0.6430658-06' a3

83 0.6430658-06 0.1286139-05
P8AR* 84 100 0.424114E-03 0.171765E-05' 44

84 0.1717658-05 0.3435318-05
PSAR* 85 100 0.259503E-03 0.643065E-06* 65

as8 0.6430658-06 0.1286138-03
PSAR* 86 100 0.3981358-03 0.151367E-05* 66

* 86 0.151367E-05 0.3027358-05
PEAR* S7 Lo0 0.2595038-03 0.64306SE-06* 837

N 87 0.6430658-06 0.1286138-05

PSAR* as 103 0.3251248-03 0.100942E-05' a8

88AR 89094E0 10.010683E-050.4368-6 8

N 88* 019480 10.018838-05.630SE06
N 89 0.6430658-06 0.128613E-05

PISAR* 90 100 0.5663238-03 0.3062678-05' 90

N 90 0.306267E-05 0.6125338E-05
PSAR* 91 100 0.259503E-03 0.6430658-06' 91

91 0.6430658-06 0.1286138-05
PSAR' 92 l00 0,34S6401-03 0.1160728-05' 92

N 92 0.116072E-05 0.232143E-05

PBAR* 93 100 0.259303E-03 0.6430658-06' 943

* 93 0.6430658-06 0.128613E-05
POARN 94 100 0.566323E-03 0.306267EO*O5 94

* 94 0.306267E-05 0.612533-05

PSAR* 95 100 0.2595038-03 0.6430658-06' 95

* 95 0.6430658-06 0.128613E-05

PBAR* 16 100 0.3251248-03 0.100942E-05N 96

N 96 0.100942E-05 0.201683E-05
PSAR* 97 100 0.259503E-03 0.6 4306SE-06* 97

N 97 0.6430658-06 0.128613E-05
PSAR* 98, 100 0.34$640E-03 0.116 0728-05N 98

N 98 0.1160728-05 0.2321438-05
PSAR% 99 100 0.470559E-03 0.211446E-054 99

N 99 0.2114468-05 0.4228928-05
PSARN 100 100 0.470559-03 0.211446E-05' 100
N 100 0.211446E-05 0.4228928-05
PSAR% 101 100 0.470559E-03 0.211446E-05' 101

N 101 0.2114468-05 0.4228926-05 04O5E0 .146-5 0
PSAR* 102 100 040380 .146-5 0

N 102 0.2114468-05 0.422892E-05
FBAR* 111 100 0.2595038-03 0.6430658-06* III

' ill 0.6430658-06 0.128613E-05
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PSAR* l1e 100 0.678583E-04 0.439721E-074 112

1z 0.439721E-07 0.879443-07 24E03 0.100942E.5* 113

PSAR* 113 100 0.3Z5

* 113 0.100942E-05 D0.2018832 0.678583E-04 0.439721E-07* 114

PSR*114 100

* 114 0.4397Z1E-07 0.879443E-07 D.ZS9503E-03 0.6430652.06* 113

PSAR* 115 100

115 0.64306
SE

-06 0.128613E-05

PSAR* 116 300 0.0060821 0.001S205 * 116

116 0.0015205 0.0030410

PSAR* 117 100 0.59503E-03 0.643065E-060 117

117 0.643065E-06 0.128613E-05

PBAR* 118 100 0.678583E-04 0.4397219-07* 118

118 0.439721E-07 0.879443E-07 0.3Z5124E-03 0.1009422.05* 119

PBAR* 119 100

* 119 0.100942E-05 0.201883-05 0.678583E04 0.439721E-07* 120

PAR* 120 100

* 120 0.439721
E
-07 0.8794432-07 0.259503E-03 0.64306SE06* 121

PSAR* 121 100

121 0.643065E-06 0.128613E-05

PSAR* 122 100 0.104152E-03 0.103587E-06* 122

122 0.103587E-06 0.207174E-06

PSAR* 
123 100 

0.716806E-04 
0.490653E-07* 

123

123 0.490653E-07 0.951305E-07

PSAR* 124 100 0.716806E-04 0.490653E-07* IZ4

124 0.490653E-07 0.981305E-07

PAR* 125 100 0.716806E-04 0.4906S3E-07* 125

125 0.490653E-07 0.981305E-07 90653E-07* 126

PSAR* 126 100 0.716806E-04 0.4

126 0.490653E-07 0.981305E-07

PAR* 127 100 0.678583-04 0.439721E-07* 127

127 0.439721E-07 
0.879443E-07

P 1AR2 128 100 0,678583E-04 0.439721E-07* 128
128 0.439721E-07 0.679443E-07

PSAR* 129 100 0.678583E-04 0.439721E-07* 129

129 0.439721E-07 0.879443E-07 0.678583-04 0.439721E07* 129

PBAR* 130 100

* 130 0.439721E-07 
0.879443E-07

134AR9 131 100 6.107256E-04 3.561752E-06* 131

131 3.561732E-06 7.123501E-3 1

PSAR* 132 100 6.107256E-04 3.561752E-06' 132

132 3.561752E-C6 7.123504E-06

PBAR% 133 100 6.107256E-04 3,$61752E-C6* 133

133 3.561752E-C6 7.123504E-06

PBAR* 134 100 6.1072562-04 3.561752E-06* 134

* 134 3.561752E-06 7.123504E-06P 13R* 135 100 6.107256E-04 3.56175ZE-06* 135

* 135 3.561752E-06 7.123504E-06

PSAR* 136 100 6.107256E-04 3.561752E-06* 136

136 3.56175ZE-06 7.123504E-06

PSAR* 137 100 6,107ZS6E-O4 3,S61752E-06* 137

137 3.5617522-06 7.123504E-06

PSAR* 38 100 6.107256E-04 3.561752E-060 138

138 3.561752E-06 7.123504E-06

PSAR* 139 100 6.1072562-04 3.5617522-06* 139

139 3.561752E-06 7,123504E-06

PSAR* 140 100 6.1076E-04 3.561752E-06* 140

45



* 140 3.5617521-06 7.123504E-06
PSAR* 181 100 0.3981351-03 0.1S13671-05* 181
* 181 0.151367E-05 0.302735E-05

PBAR* 182 100 0.343532-03 0.112695E-05* 182
* 182 0.1126951-0S 0.225391E-05
PBAR* 183 100 0.343532E-03 0.1126951-05* 183
* 183 0.1126952-05 0.225391E-05
PBAR* 184 300 0.0060821 0.0015205 * 184
* 184 0.0015205 0.0030410
PBAR* 185 300 0.0060821 0.0015205 * 185

* 185 0.0015205 0.0030410
PBAR* 186 100 0.3435322-03 0.112695E-05* 186
* 186 0.1126951-05 0.2253911-05
PBAR* 187 100 0.343532E-03 0.112695E-05* 187
* 187 0.112695E-05 0.2Z5391E-05

PBAR* 201 100 0.104620E-03 0.104520E-06* 201

201 0.104520E-06 0.209040E-06
PBAR* 202 100 0.923628E-04 0.814640E-07* 202

202 0.814640E-07 0.1629281-06
PBAR* 203 100 0.678583E-04 0.439721E-07* 203

* 203 0.4397211-07 0.8794421-07
PBAR* 204 100 0.923628E-04 0.814640E-07* 204
* 204 0.814640E-07 0.162928E-06
PBAR* 205 100 0.678S832-04 0.439721E-07* 205

205 0.439721E-07 0.879442E-07
PBAR* 207 100 0.140494E-03 0.188490E-06* 207

* 207 0.1884901-06 0.376979E-06
PEAR* 232 100 0.678583E-04 0.439721E-07* 232
* 232 0.439721E-07 0.879442E-07
PBAR* 239100 0.678583E-04 0.439721E-07* 239
* 239 0.439721E-07 0.879442E-07
s

s MULTI-POINT CONSTRAINT EQUATION FOR X-AXIS LOS ERROI [C:OE 100 DOF 1)

MPC* 100 100 1 -1.0*1000000
*1000000 34 2 -0.01855287S70 *1000001

*1000001 34 3 -0.1428S714286*1000002
*1000002 35 2 -0.0185528757 *1000003
*1000003 35 3 -0.14285714286*100C004
*1000004 2830 3 0.28571428572 *1000005
*1000005 30 3 0.0 *10000C6
*1000006 27 2 0.08065681999 *1000007

*1000007 27 3 -0.35489000795*100C008
*1000008 29 2 0.08065681999 *IOc0C9

*1000009 29 3 -0.35489000795*1000010
*1000010 3233 3 0.70978001590 *1000011
*1000011 33 3 0.0 *1000012
*1000012 1002 4 -3.48423005566 *1000013
*1000013 11 2 -0.06210394429*1000014
*1000014 9 2 -0.06210394429
S

$ 1ULTI-POINT CONSTRAINT EQUATION FOR Y-AXIS LOS ERROR (NOOE 100 DOF 2)
$

MPC* 100 100 2 -1.0*2000000
*2000000 34 1 -0.03710S75139 *20CCoo1
*Z000001 34 2 -0.04638218924*20C0002

*2000002 34 3 -0.2S00000000 *2O0C003
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*2000003 35 2 0.04638218924*2000004

*2000034 35 3 0.2500000000 *2000005
*20C0005 27 1 0.16131363998*2CZ::

*2000006 27 2 -0.06049261499 *2000C07
*2000007 27 3 -0.62105751391*20^CC03
*2000008 29 Z 0.06049261499 *2000009

*2000009 29 3 0D62105751391*O200010
*2000010 1002 5 3.48423005566 *2000011

*2000011 11 1 -0.12420788859*2000012
*2000012 11 2 -0.07762993037 *2000013

*2000013 9 2 0.07762993037*2000014
*2000014
$

S tVULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE 100 DOF 3)

MPC* 100 100 3 -1.0*3000000
*3000000 34 3 -0.01912393776 *3003001
*3000001 35 3 -0.01912393776*3000002
*3000002 2830 3 0.12749291836 *3000003
*3000003 30 3 0.0 *3000004
*3000004 27 3 0.77803217347 *3000005

*3000005 29 3 0.77803217347*3000006
*3000006 3233 3 -0.46681930408 *3000007

*3000007 1002 3 -0.17849008571*3000008

*3000008 9 3 0.50000000000 *3000009

*3000009 11 3 0.50000000000*3000010
*3000010 40 3 -2.00000000000

$
s RIGID BODY SUPPORT
$

SUPORT,44,123456
ENOOATA

END OF MEMBER REV03 659 RECORDS ********
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ID DRAPER,MCOEL2

CHKFHT YES
TIME 10
CEN D

TITLE ACOSS MODEL #2
SUSTITLE 2 MCDIFIED MCDEL - REVISION 4
LABEL = VCOSS STIFFNESS MODEL
iPC z 100
METHOD = 600
OISP z ALL
ESE =ALL
BEGIN BULK
PARAMUSETPRT,1
PARAM GRDPNT 0

EIGR 600 GIV 200 +10
+10 MASS

KINEMATIC MOUNT: TERTIARY MIRROR
$
RBEltlOO3,27,123,29,23,3233,3,,+RB31

+RB31,UM,1003.123456
S

$ KINEMATIC MOUNT: PRIMARY MIRROR
$
RBE1,10O1,34,123,35,23,2830,3, ,+R811

+RB11,UM,1001,123456
$

$ KINEMATIC MOUNT: FOCAL PLANE

RBEI,1004,11,123,9,Z3,40,3,,+RB41
+RS41,UM,1004,123456
$

$ KINEMATIC MOUNT: SECONDARY MIRROR
$

RBEl,lOO2,910,123,1112,23,40,3,,+RbZl
+RB21,UM,1002,123456
$

$ RIGID EQUIPMENT SECTION

RBE2 141 44 123456 42 43 45 46 47
$

$ NODE POINT LOCATIONS
$ NODE# X (M) Y (M) Z (M)
G
GRID 1 -7.0 0.0 0.0
GRID 2 -4.0 5.0 0.0

GRID 3 -4.0 -5.0 0.0
GRID 4 0.0 5.0 0.0
GRID 5 4.0 5.0 0.0
GRID 6 4.0 -5.0 0.0

GRID 7 7.0 0.0 0.0
GRID 8 -7.0 0.0 2.0
GRID 9 -4.0 5.0 2.0
GRID 1004 0.0 4.0 2.0
C-1I 10 -4.0 -5.0 2.0
GRID 910 -4.0 -2.5 2.0
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7

SOO 1112 4.0 -2.5 2.0
.'- aD 54. .0 2.0

ZD .2 4.0 -5.0 2.0

2-20 13 7.0 0.0 2.0
GRID 4 -6.0 0.0 12.
GRID 15 -4.0 4.0 12.

GRID 16 -4.0 -4.0 12.

GRID 17 4.0 4.0 12.

GRID 18 4.0 -4.0 12.

GRID 19 6.0 0.0 12.0

GRID Z6 -5.0 0.0 22.0

GRID 27 -4.0 3.0 22.0

GRID 28 -4.0 -3.0 22.0

GRID 2830 0.0 -3.0 22.0

GRID 1001 0.0 -6.5 22.0

GRID 29 4.0 3.0 22.0

GRID 30 4.0 -3.0 22.0

GRID 31 5.0 0.0 22.0

GRID 32 -4.0 10.0 22.0

GRID 3233 0.0 10.0 22.0

GRID 1003 0.0 6.5 ZZ.O

GRID 33 4.0 10.0 22.0

GRID 34 -4.0 -10.0 22.0

GRID 35 4.0 -10.0 22.0

GRID 36 -4.0 3.0 24.0

GRID 37 -4.0 -3.0 24.0

GRID 38 4.0 3.0 Z4.0

GRID 39 4.0 -3.0 24.0

GRID 40 0.0 2.5 2.0

GRID 1002 0.0 0.0 2.0

GRID 42 0.0 5.0 -0.3

GRID 43 -2.0 0.0 -1.3

GRID 44 0.0 -1.667 -1.3

GRID 45 2.0 0.0 -1.3

GRID 46 -4.0 -5.0 -0.3

GRID 47 4.0 -5.0 -0.3

GRID 48 -26.0 0.0 -1.3

GRID 49 -21.00 0.0 -1.3

GRID 50 -16.0 0.0 -1.3

GRID 51 -11.0 0.0 -1.3

GRID 52 -6.0 0.0 -1.3

GRID 53 6.0 0.0 -1.3

GRID 54 11.0 0.0 -1.3

GRID 55 16.0 0.0 -1.3

GRID 56 21.00 0.0 -1.3

GRID 57 26.0 0.0 -1.3

GRID 100 0.0 0.0 0.0 456
t

$ ELEMENT CONNECTION DATA

$ ELEHI PROP# NODE NODE LOCAL AXIS ORIENTATION VECTOR

$ A B

sBARR 1.0 0.0 0.0 1

CBAR 1 1 1 2

CAR 2 2 1 3

C5AR 3 3 2 3
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CSAR 4 4 2 4 0.0 1.0 0.0

CSAR 5 S 3 4

CSAR 6 6 4 5 0.0 1.0 0.0

CSAR 7 7 4 6

CBAR 8 8 3 6 0.0 1.0 0.0

CSAR 9 9 5 6

CBAR 10 10 5 7

CSAR 11 11 6 7

CBAR 12 12 1 8

CSAR 13 13 2 9

CBAR 14 14 3 10

CSAR 15 15 5 11

CBAR 16 16 6 12

CBAR 17 17 7 13

CBAR 18 18 3 8

CSAR 19 19 2 8

CSAR 21 21 4 9

CBAR 22 22 4 11

CBAR 24 24 5 13

CBAR 25 25 6 13

CBAR 26 26 1112 3

CBAR 27 27 6 10

CBAR 30 30 8 9

CBAR 31 31 8 10

CSAR 32 32 9 910

CBAR 232 232 910 10

C8AR 33 33 9 40

CBAR 34 34 910 40

CBAR 35 35 11 40

CBAR 36 36 1112 40

CBAR 37 37 9 11 0.0 1.0 0.0

CSAR 38 38 10 12 0.0 1.0 0.0

CSAR 39 39 11 1112

CBAR 239 239 l1z 12
CSAR 201 201 910 1112 0.0 1.0 0.0

CBAR 202 202 2 910

CBAR 203 203 3 910

CBAR 204 204 5 1112

CBAR 205 205 6 1112

C8AR 207 207 12 910

CS1R 40 40 11 13
CSAR 41 41 12 13

CSAR 42 42 14 15

CSAR 43 43 14 16
CSAR 44 44 16 is
CSAR 45 45 17 18

CBAR 46 46 17 19

CSAR 47 47 18 19

CBAR 54 54 26 27

CBAR 55 SS 26 Z8

CSAR 56 56 27 28

CBAR 57 57 29 30

CBAR 58 58 29 31

CBAR 59 59 30 31

CBAR 60 60 27 29 0.0 1.0 0.0

C3AR 61 61 27 30

CSAR 62 62 28 2830 0.0 1.0 0.0
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C!AR 184 184 2830 30 0.0 1.0 0.0
CaAR 63 63 27 36
CSAR 64 64 z8 37
C3AR 65 65 30 39

CSAq 66 66 29 38
CBAR 67 67 29 36
CBAR 68 68 27 37
CBAR 69 69 28 39
CBAR 70 70 30 38
CBAR 71 71 36 37

CAR 72 72 $1 39 0.0 1.0 0.0
CSAR 73 73 39 38
C8AR 74 74 36 38 0.0 1.0 0.0
CBAR 75 75 37 38
CAR 127 127 ^6 37
CBAR 128 1Z8 26 36
C54R 129 129 31 39
CBAR 130 130 31 38
CBAR 76 76 8 14
CBAR 77 77 10 14
CBAR 78 78 10 16
CBAR 79 79 16 9
CSAR 80 80 9 15
CAR 181 181 8 15
CBAR 182 182 6 40
CSAR 183 183 2 40
CBAR 186 186 3 40
CSAR 187 187 5 40
CBAR 81 81 11 17
COAR 82 82 22 18
CBAR 83 83 12 18
CUAR 84 84 12 19
CBAR 85 85 13 19
CBAR 86 86 13 17
CBAR 87 87 14 26
CBAR 88 88 14 28
CBAR 89 89 16 28
CBAR 90 90 16 27

CBAR 91 91 15 27
CBAR 92 92 15 26
CEAR 93 93 17 29

CBAR 94 94 18 29
CBAR 95 95 18 30
CBAR 96 96 19 30
CSAR 97 97 19 31
CBAR 98 98 17 31
CBAR 99 99 15 32
CSAR 100 100 16 34
CSAR 101 101 17 33
CBAR 102 102 18 35
CSAR 11i 111 26 32
CBAR 112 112 27 32
CSAR 113 113 27 33
CSAR 114 114 29 33

CUAR 115 115 31 33
C2AR 116 116 32 3233 0.0 1.0 0.0
CBAR 185 185 3233 33 0.0 1.0 0.0
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CSAR 117 117 Z6 34
z3-IR 118 118 2s 34

CBSA.R 119 119 30 34
CSR 120 120 30 35

CSAR 121 121 31 35

CBAR 122 12 34 35 0.0 1.0 0.0

CSAR 123 123 3z 36

CBAR IZ4 124 33 38

CBAR 125 125 34 37

CSAR 126 126 35 39

CBAR 131 131 48 49 0.0 1.0 0.0 1

CBAR 132 132 49 so 0.0 1.0 0.0 1

CBAR 133 133 so 51 0.0 1.0 0.0 1

CSAR 14 134 51 S 0.0 1.0 0.0 1

CSAR 135 135 5z 43 0.0 1.0 0.0 1

CSAR 236 136 45 53 0.0 1.0 0.0 1

CS.R 137 137 53 54 0.0 1.0 0.0 1

CBAR 138 138 54 55 0.0 1.0 0.0 1

CBAR 139 139 55 56 0.0 1.0 0.0 1

CSAR 140 140 56 57 0.0 1.0 0.0 1

S

ISOLATOR SPRINGS
$

$ ELVIl K NOCE DOF NODE DOF

$ (N/M) A A B 

CELASZ 142 5.79E3 4 1 42 1

CELAS2 143 5.79E3 4 2 4Z

CELAS2 144 5.79E3 4 3 42 3

CELASZ 145 5.79E3 3 1 46 1

CELASZ 146 5.79E 3 46 2

CELAS2 147 5.79E3 3 3 46 3

CeLASZ 148 5.79E3 6 1 47 1

CELASZ 149 5.79E3 6 a 47 2

CELASZ 150 5.79E3 6 3 47 3
$

* MATERIAL PROPERTY DATA
0

* MAT* E mu RHO
$

MAT1 100 1.24E+11 0.3 1720.

MAT1 z00 1.24E+11 0.3 1720.

MATI 300 1.24El11 0.3
$

* LUMPED MASS DATA

$COHM2 ELEMW HODE* MASS +XXXX

$XXXX IXX IYY IZZ

$ MIRRORS
t 1001

COIIZ 1001 1001 1000.

+1001 4083.33 5333.33 9416.67

$ .4040
CoNMz 1002 1002 4266 800.

44040 1666.67 4266.67 5933.33
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CNM12 1003 1003 1200. .1003

-1003 4900. 6400. 11300.
S

CONM2 1004 1004 600. +1004

.1004 ZOO. 800. 1000.
$

$ EQUIPMENT SECTION
$

CONM2 544 44 3500. *544

+544 20611. 10500. 28777.
s

$SOLAR PANELS
S

CONM2 548 48 81.91 *548

+548 270.0
COl?1z 550 50 163.82 .550

+550 540.0
CONM2 552 52 73.82 .552

+SSZ 270.0
CONM2 553 53 73.8t +553

+553 Z70.0
CC.N12 557 57 81.91 .557

.555 540.0
CONM2 555 55 163.82 +555

.557 270.0
t

$ ADDITIONAL NON-STRUCTURAL MASS AT MIRROR SUPPORTS
$

CONMZ 501 27 69.5
C01,42 502 28 6.74
CCNM2 503 29 69.5
CONM2 504 30 6.74
CC M2 505 32 6.74
CCNM2 506 33 6.74
CONM 507 34 69.5
CONHK 508 35 69.S
CONW2 509 9 67.4
CONmz 510 10 67.4
CONM2 511 11 67.4
CONM2 512 12 67.4
$

$ BEAM SECTION PROPERTIES
$

SPBAR PROP$ MAT# AREA ill *XXXXXXX
S4XXXXXXX 122 J1

PBAR* 1100 O.z7S19E-02 0.3011631-04* 1

1 0.301163E-04 0.6023258-04
PBAR* 2100 0.275119E-02 0.301163E-044 2

2 0.301163E-04 0.60232SE-04
PBAR* 3100 0.471826E-02 0.835774E-C4* 3

* 3 0.885774E-04 0.17715SE-03
PSAR% 4100 0.188730E-02 0.141724E-C4* 4

4 0.141724E-04 0.283447E-04
PBAR* 5100 0.503172E-02 0.1027S0E-034 S

5 5 0.102750E-03 0.205499E-03
FBAR* 6100 0.188730E-02 0.141724E-04* 6
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4 6 0.141724E-04 0.283447E-04 058720 .070~3

* 7 0.1027501-03 0.205499E-03 0.37746LE-02 0.5668QSE104*

PSARO 8100
a 0.5668951-04 0.113379E-03

*PBAR* 
9100 0.471826E-02 0.885774E104* 9

* 9 0.$87741-04 0.1771SSE-S 0.711E0 03113-0* 1

PSAR* 10100 025.9-2 O3l6EO* 1

10 0.301163E-04 0.6023Z51-04016E4* 1

* PSAR* 11100 0.2751191-02 0.301610' 1

* 11 0.301163E-04 0.6023251-04 0.9436S11-03 0.3543091-O0S* 12
PBAR*1210

* - 12 0.354309E-05 0.708619E-05 0.94'3651E-03 0.35430SE-05* 13

PBAR* 13100

* 14 0.3543091-05 0.708619E-05
SR 15100 0.9436511-03 0.354309E-05* 14

0 15 0.S54309E-05 0.708619E-05 0.943651103S 0.354309E-05* 16

PSAR* 16200

16AR 1713E 0 0 .7 8 1 E 0 0.9436511-03 0.34309-05 * 17

* 17 0.354309E-05 0.708619E-05 0.290953E-02 0.3365941-04* 18

PSAR* 18100

36 18 0.336594E-04 0.673188E-04 020510 .354'0' 1

PBAR* 19100 420S-z 0369E0* 1

19 0.3659E-04 0.673188E-04
* 9 .36541040.211007E-02 0.177155E-04* 21

PBAR* MO10

al2 0.1771551-04 0.3S43091E-04 0.2110071-02 0.1771551-04* 22

PBAR* 22100

4 22 0.177155E-04 0.3S4309E'04 02051-2 036910' 2

PSAR* 24100 .95302 0364E4 4

* 24 0.336594E-04 0.6731OS8104 O.29083-02 0,3365-:4E-04* 25

PSAR' 25100

* 25 0.336594E-04 0.67316BE104 0.406565E-02 0.657686E-04* 26

PBARO 26100

* 26 0.657686E-04 0.1315371-03 0,389078E-02 0.602326E.04* 27

PBAR* 27100

* 27 0.6023261-04 0.1204651-03 0.275119E-02 0.301163E-04' 30,
PBAR* 30100

* 30 0.301163E-04 0.6023251-04 0.719-2 .316E4* 3

PSAR* 311000.719-2 .313-0' 1

0 31 0.301163E-04 0.6023251-04 0.3538691-02 0.40.824&E-04' 32

PBAR* 32100

0 32 0.498248E-04 0.9964951-04 0.2223601-02 0.10970$SE-C4* 33

PSAR'& 33100

* 33 0.1970851-04 0.394169E-04 0.302116E-02 0.3631671-04* 34

PSAR' 34100
* 34 0.363167E-04 0.726334E-04 0225002 .178E4* 3

PSAR* 351000.25002 
0173-0' 5

0 35 0.1970851-04 0.394169t-04 0.21602 .317E4 6

PSARO 36100 032110 .6170' 3

* 36 0.363167E-04 0.726334E-04 0.377461E-02 0.5668951.04* 37

:PSAR* 37100

* 37 0.566895E-04 0.113379E-03 0.377461E-02 0.5668951-04' 38

PSAR* 3Ma0

4 38 0.5668951-04 O.l1337qt103
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39100 0.353569E-02 0.493248-04* 39
39 0.498248E-C4 0.996495E-04

PSAR* 40100 0.275119E-CZ 0.301163E-04* 40
* 40 0.301163E-04 0.602325E-04
PBAR* 41100 0.275119E-02 0.301163E-04* 41
4 41 0.301163E-04 0.602325E-04
P3AR4 42100 0.211007E-02 0.177155!-04* 42
4 42 0.177155E-04 0.354309E-04
PEAR* 43100 0.211007E-02 0.177153E-04* 43
* 43 0.177155E-04 0.354309E-04
PBAR* 44100 0.377461E-02 0.3668o590.4* 44

44 0.566895E-04 0.113379E-03
PBAR* 45100 0.377461E-02 0.566895E-04* 45

4 5 0.566895E-04 0.113379E-03
PBAR* 46100 0.211007E-02 0.17715SE-044 46

4 46 0.177155E-04 0.354309E-04
PSAR* 47100 0.211007E-02 0.177153E-04* 47

4 47 0.177155E-04 0.354309E-04
PBAR* 54100 0.149204E-02 0.865772E-054 54

54 0.885772E-05 0.177154E-04
PSAR* 55100. 0.149204E-02 0.885772E-05* 55
4 55 0.885772E-05 0.177154E-04
PBAR* 56100 0.283095E-02 0.318878E-04* 56
4 56 0.318878E-04 0.637757E-04
PEAR* 57100 0.283095E-02 0.318878E-04* 57

57 0.318878E-04 0.6377572-04
PBAR* 58100 0.149204E-02 0.835772E-054 58
4 58 0.885772E-05 0.177154E-04
PBAR* 59100 0.149204E-02 0.885772E-O5* 59
4 59 0.885772E-05 0.177154E-04
PSAR* 60100 0.377461E-02 0.5668952-04* 60
4 60 0.5668952-04 0.113379E-03
PSAR* 61100 0.471826E-02 0.85774E-04* 61
4 61 0.83S774E-04 0.177155E-03
FBAR* 63100 0.943651E-03 0.354309E-05* 63

63 0.354309E-05 0.708619E-05
PSAR* 64100 0.943651E-03 0.354309E-05* 64

64 0.354309E-05 0.708619E-05
PBAR* 65100 0.943651E-03 0.354309E-05* 65
4 65 0.354309E-05 0.708619E-05
PSAR* 66100 0.943651E-03 0.354309E-05* 66

66 0.354309E-05 0.708619E-05
PSAR* 67100 0.389078E-02 0.6023-3E-04* 67
4 67 0.602326E-04 0.1204652-03
PBAR* 68100 0.298409E-02 0.35431CE-04* 68
* 68 0.354310E-04 0.708619E-04
PBAR* 69100 0.3890782-02 0.602326E-04* 69
4 69 0.602326E-04 0.1204652-03
PBAR* 70100 0.298409E-02 0.354310E-04* 70
4 70 0.3S4310E-04 0.708619E-04
PBAR* 71100 0.2830952-02 0.318373E-040 71
4 71 0.318878E-04 0.637757E-04
PBAR* 72100 0.377461E-02 0.5668952-04* 72
4 72 0.566895E-04 0.113379E-03
PSAR* 73100 0.283095E-02 0.318872E-044 73
4 73 0.318378E-04 0.637757E-04
PSAR* 74100 0.377461E-02 0.5668^3E-04* 74
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N 74 0.566895E-04 0.113379E-03oA 75100 0.471826E-02 0.885774E-04 75

75 O.880777E-04 0.1771552-03

7S 76100 0.474179E-02 0.894631E-04* 76

N 76 0.894631E-04 0.178926E-03
P AR* 77100 0.5358902-02 0.1142652-03* 77

N 77 0.114265E-03 0.Z28529
E
-03

PSAR* 78100 0.4741792-02 0.8 946312-04N 78

78 0.894631E-04 0.178926E-03

PBAR* 79100 0.6347762-02 O.160325E-03N 79

* 79 0.160325E-03 0.320650E-03

PSAR* 80100 0.4741792-02 0,8946312-04* 80

N 80 0.894631E-04 0.178926E-03

PSA,* 81100 0.474179E-02 0.894631E-04* 81

81 0.894631E-04 0.178926E-03

PBAR* 82100 0.634776E-02 0.160325E-03N 82

0 82 0.160325E-03 0.320650
E

03

PBAR* 83100 0.4741792-02 0.894631E-04* 83

e 83 0.894631E-04 0.178926E-03

PSAR* 84100 0.5358902-02 0.1142652°03* 84

84 0.114265E-03 0.228529E-03

PSARt 85100 0.474179E-02 0.8g46312-04* 85

85 0.894631E-04 0.178926E-03 0

PSAR* 86100 0.5275172-02 0.110722E-03N 86

86 0.11072E-03 0.UZ1444E-03

PBAR* 87100 0.474179E-02 0.894631E-04* 87

0 87 0.894631E-04 0.178926E-03

PBAR* 88100 0.S01557E-02 0.100092E-03* 88

88 0.100092E-03 0,200185E-0.

PSAR* 89100 0.474179E-02 0.8946312-04N 89

89 0.894631E-04 0.178926E-03

PSAR* 90100 0.575962-02 0.131980E-03* 90

90 0.131980E-03 0.263960E-03

PSAR% 91100 0.474179E-02 0.894631E-04 91

91 0.894631E-04 0.178926-030

PSAR* 92100 0.5103582-02 0.1036362-03 92

92 0.103636E-03 0.207271E-03

PBAR* 93100 0.474179E-02 0.894631E-04* 93

93 0.894631E-04 0.178926E-03

PSAR* 94100 0.575936E-02 O.1319802-03N 94

N 94 0.131980E-03 0.263960E-03

PAR* 95100 0.4741792-02 O.8946312-04 95

95 0.894631E-04 0.178926E-03

PBAR* 96100 0.5015572-02 0. 1 00 092E03N 96

! 96 0.100092E-03 0.2001852-03

PBAR* 97100 0.4741792-02 0.8946312-04w 97

N 97 0.894631E-04 0.178926
E
-03

FBARN 98100 0,5103582-02 0.103636E-03 0$

* 98 0.103636E-03 0.207271 -03

P5ARN 99100 0.5S0238-02 O.12O46SE03 99

99 0.120465E-03 0.240930E-03

PSAR* 100100 0.5502382-02 0.1204652-03' 100

100 0.120465E-03 0.240930
E
-03

PSAR' 101100 0.550238E-02 0.120465E-030 101

N 101 0.120465-03 0.2409302-03

PSAR* I02100 0.5502382-02 O.12046$E-03N 1C2

102 0.120465E-03 0.240930E-03



111100 0.474179E-02 0.894631E-04* 1il

111 0.894631E-04 0.178926E-03
PBAR* 112100 0.330278E-02 0.434029E-04* 112

112 0.434029E-04 0.868059E-04
PSAR* 113100 0.501557E-02 0.100092E-03* 113
* 113 0.100092E-03 0.200185E-03
PBAR* 114100 0.330278E-02 0.434029E-04* 114
* 114 0.434029E-04 0.868059E-04

PBAR* 115100 0.474179E-02 0.894631E-C4* 115
115 0.894631E-04 0.178926E-03

PSAR* 117100 0.474179E-02 0.894631E-04* 117
* 117 0.894631E-04 0.178926E-03

PSAR* 118100 0.330278E-02 0.434021E-04* 118
118 0.434029E-04 0.868059E-04

PIAR* 119100 0.501557E-02 0.1000921-03* 119
* 119 0.100092E-03 0.200185E-03
PBAR* 120100 0.330278E-02 0.4340292-C4* 120

120 0.434029E-04 0.8680592-04
PSAR* 121100 0.474179E-02 0.894631E-C4* 121
* 121 0.894631E-04 0.178926E-03

PSAR* 122100 0.377461E-02 0.5668951-04* 122
* 122 0.5668951-04 0.113379E-03
PBAR* 123100 0.343494E-02 0.469460E-04* 123
* 123 0.469460E-04 0.938920E-04

PSAR* 124100 0.343494E-02 0.469460E-04* 124
* 124 0.469460E-04 0.938920E-04
PSAR* 125100 0.343494E-02 0.469460E-04* 125

* 125 0.469460E-04 0.938920E-04
PBAR* 126100 0.343494E-02 0.4694601-04* 126
* 126 0.469460E-04 0.938920E-04
PBAR* 127100 0.1763411-02 0.124008E-04* 127

127 0.124008E-04 0.248016E-04

PBAR* 128100 0.176541E-02 0.124005E-04* 128
* 128 0.124008E-04 0.248016E-04
PBAR* 129100 0.176541E-02 0.1240081-04* 129
* 129 0.124008E-04 0.248016E-04
PBAR* 130100 0.176541E-02 0.124008E-04* 130

* 130 0.1240081-04 0.248016E-04
PBAR* 181100 0.5275171-02 0.110722E-03* 181

181 0.110722E-03 0.221444E-03
PSAR* 182100 0.412004E-02 0.675402E-04* 182
* 182 0.675402E-04 0.135080E-03
PBAR4 183100 0.2417391-02 0.232515-04* 183
* 183 0.2325151-04 0.465031E-04
PBAR* 186100 0.412004E-02 0.675402E-C4* Z6
* 186 0.675402E-04 0.135080E-03
PSAR* 187100 0.241739E-02 0.23251SE-04* 187
* 187 0.2325151-04 0.46S0311-04
PSAR* 201100 0.377461E-02 0.5668951-04* 201
0 201 0.5668951-04 0.113379E-03

PBAR* 202100 0.366236E-02 0.5336791-04* 202
* 202 0.533679E-04 0.106736E-03

PBAR* 203100 0.151058E-02 0.907917-05-* 203

* 203 0.9079171-05 0.1815831-04
PSAR* 204100 0.366236E-02 0.533679E-04* :4

204 0.533679-04 0.106736E-03
PSAR* 205100 0.151058E-02 0.907917E-05* I05
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2 205 0.907917E-05 0.181583E-04

;BR* 207100 0.395462E-02 0.622256E-04* Z07 '

* 207 0.622256E-04 0.1244511-03

CR* 232100 0.117957E-02 0.55361CE-054 232

* 232 0.553610E-05 0.110722E-04
PSAR* 239100 0.117957E-02 0.55361C!-05* 239

2 239 0.553610E-05 0.110722E-04

PSAR* 62300 0.0060821 0.0015205 * 62

* 62 0.001S205 0.0030410 15.69

PSAR* 116300 0.0060821 0.0015205 * 116

* 116 0.0015205 0.0030410 15.69

PSAR* 184300 0.0060821 0.0015205 * 184

* 184 0.0015205 0.0030410 15.69

PSAR* 185300 0.0060821 0.0015205 * 185

18S 0.0015205 0.0030410 15.69

P1AR* L31200 1.257E-3 3.142E-4 131

131 3.142E-4 6.285E-4 3.82

PSAR* 132200 1.257E-3 3.142E-4* 132

* 13? 3.142E-4 6.285E-4 3.82

PSAR* 133200 1.257E-3 3.142E-4* 133

N 133 3.142E-4 6.285E-4 3.8

PSAR* 134200 1.257E-3 3.142E-4* 134

* 134 3.142E-4 6.285E-4 3.82

PSAR* 135200 1.257E-3 3.142E-4* 13S

N 135 3.142E-4 6.285E-4 3.82

PBAR* 136200 1.257E-3 3.142E-4* 136

* 136 3.142E-4 6.285E-4 3.8,

PSAR* 137200 1.257E-3 3.142E-4* 137

N 137 3.142E-4 6.285E-4 3.82

PSAR* 138200 1.257E-3 3.142E-4* 138

138 3.142E-4 6.285E-4 3.82

PSAR* 139200 1.257E-3 3.142E-4* 139

N 139 3.142E-4 6.28SE-4 3.82

PBAR* 140200 1.257E-3 3.142E-4* 140

N 140 3.142E-4 6.285E-4 3.82

$

s ItULTI-POINT CONSTRAINT FOR X-AXIS LOS ERROR 
(NODE 100 DOF 1)

MPC* 100 100 1 -1.0*1000000

*1000000 34 2 -0.01855287570 *1000001

*1000001 34 3 -0.14285714286*10CC02

*1000002 35 2 -0.0185528757 *10C0003

*1000003 35 3 -0.1285714C2 1 04

*1000004 2830 3 0.28571428572 *1000CO5

•1000005 30 3 0.0 *10000:1
*1000006 2 0.08065681999 *10C0C07

*1000007 27 3 -0.35489000795N10D0:C3

*1000008 29 2 0.08065681999 *1000C09

*1000009 29 3 -0.35489000795*1CZ0010

*1000010 3233 3 0.70978001590 *1C:0e11

•1000011 33 3 0.0 #101c01z

*1000012 100 4 -3.48423005566 N1C20313

*1000013 11 2 °0.06210394429410C0014

*1000014 9 2 -0.06210394429
$



$ MULTI-POINT CONSTRAINT FOR Y-AXIS LOS ERROR (NODE 100 OOF 2)
$

MPC* 100 100 2 -1.02C0000
*2000000 34 1 -0.03710575139 *2CCOCO1

*2000001 34 2 -0.04638218924'*0000C2

'2000002 34 3 -0.2500000000 "20C0003

*2000003 35 2 0.0463821812' 2000004

*2000004 35 3 0.2500000000 '200COCs
*2000005 27 1 0.16131363998*2000006

*2000006 27 2 -0.06049261499 *000007

*2000007 27 3 -0.62105751391420C0008

*2000008 29 2 0.06049261499 *20000C9

*2000009 29 3 0.62105751391*2000010

*2000010 1002 5 3.48423005566 "Z00011

*2000011 11 1 -0.12420785 *2CCC012

*2000012 11 2 -0.07762993037 *2Z00013

*2000013 9 2 0.07762993037*2000014

'2000014

$ KULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE 100 DOF 31
$

MPC* 100 100 3 -1.0*3000000

*3000000 34 3 -0.01912393776 *3000001

*3000001 35 3 -0.01912393776-30C0C02

*3000002 2830 3 0.12749291836 *3000003

*3000003 30 3 0.0 -3000C24

*3000004 27 3 0.77803217347 *3000005

*3000005 29 3 0.77803217347*3000006

*3000006 3233 3 -0.46681930408 -30C0007

*3000007 1002 3 -0.17849005.;71-3C00008

*3000008 9 3 0.50000000000 '3000009

*3000009 11 3 0.50000000000*3000010

*3000010 40 3 -2.00000000000
$

$ RIGID BODY SUPPORT
$

SUPORT,44,123456

ENDOATA

"'*"* ' END OF MEM3ER REV07 665 RECORDS * "*
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• 
number

addresses 
numbe

Q.,C,,': -E

- , rman

RADCiTSLD
,PIFFISS AFB NY 13441

RADC/DAP 
2

cRIFFISS AFB NY 13441

iZDMINISTRATOR
DEF TECH INF CTR

ATTN: DTIC-DDA
CAMERON STA BG 5

ALEXANDRIA VA 22314

Charles Stark Draper Lab 
5

555 Technology Square

Cambridge, MA 02139

=I

Charles Stark 
Draper Lab

Attn: Dr. Keto Soosar

555 Technology Square

MS. -95
Cambridge, MA 02139

'ASA Headquarters
-7TN: Mr. J. 1. Dahlgren

.,ode RTH-6
washington, DC 20546

Charles Stark Draper Lab

Attn: Mr. R. Strunce
SS5 Technology Square

. S. -eO

-3moridge, MA 213

DL-



* aries Starx Drapar "ab
.n" Dr. Oariel R Hegg

=.3 Tecnno,'3,,; 3,Jare

-eJno r 0g e, 0 1 '

~-JC ~n7son Zlvd
ri ntan, A 2220P

ARPA/STO
!tn Maj E. Dietz

1400 Wilson Blvd
Arlington, VA 22209

miverside Research institute
Atn. Mr. A. DeVilliers
1701 N. Ft. Myer Drive, Suite 711
Arlington, VA 22209

Riverside Research
Attn: HALO Library, Mr. Bob Passut
170i N.Ft. Myer Drive
Arlington, VA 22209

itek Corp
Optical Systems Division_
10 Maguire Rd.
i exington, MA 02173

=erkin Elmer Corp
,At n: 'Mr. H. Levenstein
E1ectro Optical Division
main Avenue
oxcrwalk, CT 06856

-iughes Aircraft Company
-ttn: Mr. George Speak

e City, CA 09230

DL-2

.. 6



-jgnes Aircraft Company
-- tn: Mr. Ken Beale
. -Inela Teal-* S's

"- r C~i , :A 90230

- orce ii)nt D'4namics Lao
- 'rn+ Zr. Lynn Rogers
4rignht Patterson APD, OH 454,33

AFWL/FIBG
Attn: Mr. Jerome Pearson
wright Patterson AFB, OH 45433

, r Force Wright Aero Lab. FIGC

:tn. Siva S. Banda
Wright Patterson AFB, OH 45433

ir Force Institute of TechnologyI
Attn: Prof. R. Calico/ENY
Wright Patterson AFB, OH 45433

-;erospace Corp.
A-tn: Dr. G.T. Tseng
2350 E. El Segundo Blvd-

El Sfgundo, CA 90245

,::-raspace Corp.
- t'n. Mr. J. Mosich

=_50 E. El Segundo Blvd
Ei Segundo, CA 90245

;erospace Corp/Bldg 125/1054

.,tn: Mr. Steve Burrin

-,vanced Systems Tech Div.
: ,30 E El Segundo Blvd

Segundo, CA 90245

DL-3



-- 'n: Mr. Lawrence Weeks

-r --wy Poa : C.ent~er

-Ds Anieles .-A ' *00Qj9

- CP T/C.pt Gaewsxi

... 'ir'jway Postal Center
,s Angelel, CA 90009

Grumman Aerospace Corp
Artn: Dr. A. Mendelson
South Oyster Bay Road
Llethpage, N*Y 11714

Cu6tjDR.E/ DS
Atztn. Mr. A. Bertapeili
Room 3D136
Pentagon, Washington, DC 20301

jet Propulsion Laboratory 2
Dr. S. Szermay
48-00 Oak Grove Drive
Pasadr~na, CA 91103

MIT/Lincoln Laboratory 1.
Attn: S. Wright
P.O. Box 73
Lexington, MA 02173

:-:T.Lincoln Laboratory
Atctn: Dr. D. Hyland
P.O0 Box 73
u.qxirgton, MA 02173

MIT/Lincolin Laboratory 1
A -tn. Dr. N. Smith

u'. Box 73
exirigton, MA 02173

DL-4



2'antrol Dynamics Co.
Attn: r: Sherman Seltzer
S,1ite 1414 Executive Plaza
-- S oarkman rive
-iun~svile, AL 35805

ckheed Space Missile Corp.
-rtn: A. A. 4ooas. ,Jr. ; . ,'t,-

1z0. 0o x 504
, .nnyvale, California 9406S-3504

Lockheed Missiles Space Co.
Attn: Mr, Paul Williamson

3251 Hanover St.
Palo Alto, CA 94304

'.-neral Dynamics
Attn: Ray Halstenberg
Convair Division
5001 Keary Villa Rd
San Diego, CA 92123

ST I
Attn: Mr. R.C. Stroud
20065 Stevens Creek Blvd.
Cupertiono, CA 95014

NASA Langley Research Ctr
Attn: Dr. Earle K. Huckins III
Dr. M. F. Card
Langley Station, Bldg 1293B, MS 230
Hampton, VA 23665

N ,SA johnson Space Center
.tn: Robert Piland
ms, EA
Houston, TX 77058

M':Donald Douglas Corp
;Attn: Mr. Read Johnson
Dcuglas Missile Space Systems Div

C1 BOulsa Ave
-- nington Beach, CA 92607

DL-5



?Tnegrated Sy3tems Inc.
-atn: Dr. N. K. Gupta and M. G. Lyons
1*. University Avenue, Suite 400

c Alto, :aifornia 94501

-.:eing Aerospace Company
-i7-n. :1r. Leo Cline

0. Box 3999
Seattle, WA 9124
MS 8 W-23

TRW Defense Space Sys Group Inc.
Attn: Ralph Iwens
3idg 82/2054
One Space Park
Redondo Beach, CA 90278

:.w
A-tn: Mr. Len Pincus
3idg R-5, Room 2031
Redondo Beach, CA 90276

Department of the navy
Attn: Dr. K.T. Alfriend
Naval Research Laboratory
Code 7920
Washin9ton, DC 20375

4iresearch rianuf. Co. of Calif.
-ittn: Mr. Oscar Buchmann
2525 West 190th St.
Torrance, CA 90509

Analytic Decisions, Inc.
.tn: Mr. Gary Glaser

*101 Wilson Blv.
trlington, VA 22209

Ford Aerospace & Communications Corp.
Drs. I. P. Leliakov and P. Barba, MS/GSO
3939 Fabian way
!aio Alto, California 94304

DL-6

.'1



•en'ter for Analysis
-.tctn Mr. jim Justice

- Corporate Plaza
..ewpor; Beac.i, CA 9,2660

j. Scnafer A Vsociites

-r F. kappesser
z.~ i 8e 00
L 01 Fort Meyer Drive
Arlington, VA 22209

G eneral Research Corp
Attn: Mr. Thomas Zakrzewski
7655 Old Springhouse Road
McLean, VA 22101

Air Force Weapons Laboratory
Attn: Lt Col D. Washburn
ARAA
Kirtland AFB, NM 87117

Karman Sciences Corp.
Attn: Dr. Walter E. Ware
1500 Garden of the Gods Road
F.O. Box 7463
Colorado Springs, CO 80933

MiRi, Inc.
10400 Eaton Place
Suite 300
Fairfax, VA 22030

-noton Research Associates
Attn: mr. Jim Myer
P.O. Box 1318
La Jolla, CA 92038

Rockwell International
A-tn: Russell Loftman (Space Systems Group!
>mail Code - SL56)
2214 Lakewood Blvd.
swne4, CA 90241

DL- 7



Science Applications, Inc.
Atn: Mr. Richard Ryan
3 Preston Court
2edford, MA 01730

S Army Missile Command
.,tn: DRSMI-;AS/Mr Fred Haak

Redstone Arsenal, AL

Naval.Electronic Systems Command
Attn: Mr. Charles Good
PME_106-4
National Center I
Washington, DC 20360

Lockheed Palo Alto Research Laboratory 2

-ttn: Dr. J. N. Aubrun, 0/52-56
3251 Hanover Street
Palo Alto, California 94304-1197

U.S. Army/DARCOM
Attn: Mr. Bernie Chasnov
AMC Bldg
5001 Eisenhower Ave
Alexandria, VA 22333

Defense Documentation Center
Cameron Station
Alexandria, VA 22314

Honeywell Inc. 2

Attn: Dr. Thomas B. Cunningham
-;ttn: Dr. Michael F. Barrett
=00 Ridgway Parkway MN 17-2375
-;,nneapolis, MN 55413

NASA Marshal Space Flight Center
Attn. Dr. J. C. Blair, EDO
"enry B. Waites
Marshal Space Flight Center, AL 35812

DL-8



-;r:Robert~ Bennabib
-. 13 -0 2/202~4
Lne Space Park
;.:aondo Beach, CA 902-7S

."#ASA Langley Research Center

Hampton, VA 23665

DL-9



MISSION
Of

Rowe Air Development Center
RAVC ptanA and executeA %e~eatch, devetopment, te6t and
6 etected acquZ6LtZon puogAama in 6uppo~t o6 Command, ConrAot

*Commuiction6 and Intettgence (C31) ativitia. Technicat
and enginee~ing sAuppo~t within 0Aea4 oS technicat competence
i6 p~ovided to ESP~ Pto~.uwm 06iceA (PO.6) and otheA ESV
etement6. The pkincipat technZcal rrLL,6on at'ea6 a.te
communico.tionh, etecAomagnetic guidance and cant/Lot, 6&-veitnce o6 gtound and ae'w6paoe objec-t6, inteUtigence data
cottecton and handt nq, in6o~mation 6y,6tem technotogy,
iono6phe'Lc. p~opagatiZon, &otid 4.tate sci-encue, rnic~ou.ve
phyq6ic& and e.Zec~tonZc 4e-tiabiZety, ma.nta.nabtity and
comnpatibitazty.
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